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CHAPTER 1 
GENERAL INTRODUCTION 
1.1 INTRODUCTION 
Complete dentures are meant to replace lost natural dentitions. How far the func-
tion of lost natural dentitions can be restored by complete dentures, depends on 
factors related to the individual wearing a denture (Kalk, 1979; Kalk and de Baat, 
1990; van Waas, 1990a; de Baat et al, 1992), and to factors related to the denture 
itself (van Waas, 1990b). Also the amount of underlying alveolar bone is of great 
importance (Atwood, 1971; de Baat et al., 1988). For instance, denture retention, 
denture stability and denture support are strongly related to volume and shape of 
the residual alveolar ridge that in time remains after the loss of the natural teeth. 
The function of alveolar bone is to hold natural teeth and will, when loosing its 
function, alter its shape and decrease in volume. Stimulation of bone maintenance 
by tensile strength transmitted from the roots and the periodontal membrane that 
surrounds the roots to the surrounding bone (Enlow, 1975), has come to an end. 
Alveolar bone resorption is initiated, a process that is generally governed by 
anatomical, biological and mechanical factors (Atwood, 1971). The rate at which 
alveolar bone resorption will take place differs from one individual to the other and 
also varies within the same individual at different times and different sites. 
Alveolar bone resorption is irreversible and progressive, in time leaving increa-
singly less alveolar bone to support complete dentures. The longer people have 
been edentate, the more intensive alveolar bone resorption was found to have been 
(Kalk and de Baat, 1989). Most of the alveolar bone loss takes place within the 
first few years after the loss of the natural teeth (Carlsson and Persson, 1967), 
thereafter continuing at a slower pace. Research by Tallgren (1972) over a period 
of 25 years has shown that on an average the reduction of alveolar bone height in 
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the anterior part of the lower jaw is four times greater than in the anterior part of 
the upper jaw. According to Atwood and Coy (1971) the height of the lower 
anterior alveolar ridge diminishes with an average of 0.4 mm a year, while at the 
anterior part of the upper jaw this decrease in height is only 0.1 mm a year. This 
may explain why more problems are met with lower dentures than with upper 
dentures. Alveolar bone resorption causes many people to have their denture 
bearing surface at the level of the oral muscle attachments. In these cases sufficient 
retention, stability and support for the dentures are hard to provide. Many denture 
wearing persons are therefore experiencing a lot of problems and are regarded as 
'dental cripples' (Atwood, 1971). 
To alleviate resorption related denture problems surgical procedures are developed 
to enlarge again the denture bearing surface. This can relatively be done by means 
of a vestibulo-plasty that deepens the oral vestibulum (de Koomen et al., 1980). 
More drastically is augmentation of the severely resorbed jaw by transplanting 
autologous bone between separated segments of the jaw (Moloney et al., 1985), 
followed by a vestibulo-plasty to mould the enlarged jaw into a shape that will give 
a good support to dentures again. Unfortunately, resorption will restart and after 
some time the augmented jaw will again have lost some of its regained height. De 
Koomen (1982) measured a decrease in height of the anterior part of the recon-
structed lower jaw of about 26% during 6 months post-operatively, and 39% after 
17 months. This means that after a short time the newly constructed dentures have 
to be adjusted to the worsened situation by means of a rebase or a reline. Someti-
mes even new dentures have to be made. Adjustments are very important. It is 
generally agreed that ill fitting dentures will stimulate alveolar bone resorption 
(Quinn et al., 1985; Stanley et al., 1987). In many cases pre-prosthetic surgery to 
enlarge the denture bearing area, offers an improved point of departure for the con-
struction of new dentures, however, increased retention or resistance to denture 
dislodgement, as often hoped for by the patients, seems still hard to achieve (En-
gels, 1986; Kalk et al., 1992). Favourable developments in the field of biomaterials 
has led to the construction and application of permucosal (Hertel, 1989; Postema, 
14 
1991; Wismeijer et al, 1992; Denissen and Kalk, 1990) and transmandibular 
[Small, 1975; Bosker and van Dijk, 1983) implants as abutments for denture fixa-
ient. Implants are becoming more and more popular as a mode to treat resorption 
related denture problems and seem in some way to have pushed aside the more 
iggravating surgical augmentation techniques. 
L.2 PREVENTION OF ALVEOLAR BONE RESORPTION 
Resorption related denture problems made the dental profession realize the impor-
tance of prevention of alveolar bone resorption. From the time preservation of the 
natural dentition is no longer possible, the remaining natural teeth have to be 
îxtracted according to the principles of the so-called 'preventive-prosthetic-treat-
ment strategy' (Kalk et al., 1990). Much research has been focused on the develop-
ment of procedures that would delay alveolar bone resorption. These procedures 
ire known as overdentures in combination with permucosal tooth roots, overden-
tures in combination with natural submerged tooth roots and overdentures in 
:ombination with artificial tooth root substitutes. The main principle behind these 
methods is to keep the alveolar tooth sockets filled either with autologous tooth 
root material or synthetic material to maintain the space between the buccal and 
lingual socket walls. By giving mechanical support these walls are prevented from 
collapsing toward each other (Lammie, I960; Lam, 1972; Denissen and Kalk, 
1991), which otherwise would result in a narrower and lower alveolar ridge. The 
above mentioned preventive procedures will be discussed. 
1.2.1 Overdentures in combination with permucosal tooth roots 
During the last decades overdentures have received a growing interest as mode of 
treatment to prevent alveolar bone resorption and have as such obtained a position 
between partial dentures and complete dentures. Instead of extracting all teeth, the 
roots of endodontically treated teeth with a healthy periodontium and sufficient 
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surrounding bone are separated from the clinical crowns and left in the sockets 
with the superior end protruding a few mm's from the gingiva (Brewer and Mor-
row, 1980; Ramselaar and Keltjens, 1983). Enough room is thus created inter-
maxillary to construct a complete denture that will cover the remaining roots. 
Miller (1958) reported less resorption of the alveolar ridge over a period of 6 years 
in 46 overdenture patients. Research by Crum and Rooney (1978) showed that 
within a 5 year period vertical reduction of the anterior part of the mandible in 
patients wearing conventional dentures was eight times more than with patients 
wearing overdentures over two lower permucosal canine roots. The alveolar bone 
around and near the retained roots will be longer preserved (Jonkman and Plooy, 
1992; van Waas et al., 1992), in general opposing a decrease in alveolar ridge 
volume. This in turn may favour support, retention and stability of complete dentu-
res, especially when attachments are being used to fix the dentures to the roots. 
Wearing overdentures probably results in an alteration of the microbial composition 
of plaque and saliva with an increase of the mutans streptococci (Keltjens, 1992). 
A higher risk for the occurrence of caries and periodontal disease is thus created 
and without strict oral hygiene and preventive measures resulting in an early loss of 
the roots. Preservation of alveolar bone has then come to an end. 
1.2.2 Overdentures in combination with submergence of tooth roots 
To avoid the loss of roots by caries or periodontal disease, selected vital or 
endodontically pre-treated teeth are shortened to the level of the alveolar crest or 
below. Complete closure of the oral mucosa over the roots (submergence) is 
achieved by mobilizing and suturing a mucosal flap. After primary healing of the 
socket wound the overlying mucosa isolates the so-called submerged roots from 
plaque and oral fluids, excluding the occurrence of caries or periodontal disease. 
Success on alveolar bone or ridge volume preservation in men and animals is 
reported by Welker et al. (1978), O'Neal et al. (1978) and Garver and Fenster 
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(1980). In a review article on the retention of submerged roots by Casey and 
Lauciello (1980), the authors conclude that submerged-root procedures may have 
m accepted place alongside conventional overdenture techniques to retard alveolar 
bone resorption. Maintenance of bone was also reported by Lam (1972) and Simon 
und Kimura (1974) after replantation of endodontically pre-treated roots of previ-
ously extracted teeth. Many of the replanted roots showed resorption. Less success 
was reported by Masterson (1979) who concluded that retention of vital submerged 
roots does not aid in preserving alveolar bone. Veldhuis (1985) reported that after 
7 years only 31 % of the original number of 32 submerged roots in 16 patients was 
still present. However, only three roots were present without complaint and still 
covered by mucosa. Although these procedures may help to delay alveolar ridge 
resorption, perforation of the mucosa by the root, pulpal necrosis and loss of 
vestibular sulcus depth due to the flap technique to close the oral mucosa over the 
roots, are mentioned as disadvantages. 
1.2.3 Overdentures in combination with artificial tooth root implants 
When caries or periodontal condition precludes the use of natural roots, another 
way to keep the empty tooth sockets filled after the extraction of the natural teeth is 
to insert and submerge solid dense or porous root shaped implants or small 
particles. To achieve complete encapsulation by jaw bone, the implants are placed 
below the socket crest to allow bone to grow over. Pores are meant to yield 
mechanical retention by tissue growth into the pores and thus keeping the implants 
in place. Different kinds of material, such as vitreous carbon, calcium phospate 
ceramics, aluminumoxide ceramic, polymers and bioglasses have been used as root 
cones or particles. A great number of studies on this subject has been published. 
Most studies report on the use of sintered hydroxylapatite (HA). HA is a calcium 
phosphate with the chemical formula of Ca,0(PO4)6(OH)2 and is often said to be the 
major inorganic component of bone (Masters, 1988; Alexander et al., 1987). As 
shown in numerous studies dealing with a wide range of implant purposes, the use 
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of synthetic HA has become very popular because it is considered to be highly 
compatible with surrounding tissues (Heimke and Griss, 1983; Han et al., 1984 ). 
HA is able to form a tight bond with surrounding bone without a layer of soft 
tissue in between (de Groot et al., 1985; de Lange et al., 1989, 1990; Denissen et 
al. 1990) and is therefore often referred to as a bioactive material. In general no 
untoward reactions are met with this material. A review of the main literature on 
alveolar ridge maintenance by artificial root implants is presented below and 
tabulated for clinical studies in Table 1.1 (page 35, 36) and for animal studies in 
Table 1.2 (page 37) at the end of this chapter. 
1.3 REVIEW OF THE LITERATURE 
Lam and Poon (1968, 1969) and Lam (1972) filled fresh extraction sockets with 
solid acrylic resin duplicates of extracted roots, plaster of Paris, homologous 
cartilage and sectioned roots of previously extracted teeth. Five out of six patients 
had to have the acrylic implants removed within 4 months. Incorrect insertion, 
incomplete primary closure of the mucosa over the socket area and placement of 
the implants too close to the alveolar crest are regarded as causes for these failures. 
The sixth patient retained the acrylic implants up to 4 years. A delay in bone 
resorption was measured. Plaster of Paris as a root replacing material was not 
tolerated by the tissues and resulted in a marked response and exfoliation within 1 
week of placement. Roots of vital cartilage (Lam, 1972) were retained during a 2 
year follow-up period. Reinserted sectioned roots commonly showed exfoliation 
and root resorption. In all successful cases in which the implants were retained, 
alveolar bone loss was reported to be delayed when compared to control sites 
without implants. According to Lam and Poon, the implants would act as space 
fillers and seem to yield some mechanical support to the labial and palatal plates of 
the bone. It was suggested that the success of such implants is initially dependent 
on surgical procedures that facilitate healing of the mucosal edges by primary 
intention. Sufficient space must be provided for the formation of a viable blood 
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clot, while absence of infection enhances retention. In future projects Lam proposes 
the use of implants that eventually resorb and the space filled by new bone. 
Mills et al. (1974) concluded that over a period of 18 months vitreous carbon 
implants in fresh mandibular extraction sockets of men and animals maintain 
alveolar bone that undergoes very little resorption. 
Peterson et al. (1979) studied the fate of 11 retained portions of fractured polyme-
thylmethacrylate (PMMA) implants in dogs. Radiographically, bone growth over 
the superior aspect of the implants was evident after several months, and in all 
cases the width and height of the residual alveolar ridge with implants remained 
stable. By contrast, the loss of teeth resulted in rapid reduction of the residual ridge 
height, followed by progressive loss of ridge dimension. 
Denissen et al. (1980) inserted a total of 100 dense HA root implants in 20 pa-
tients, 71 implants under full dentures in nine patients and 29 implants under fixed 
bridgework and removable prosthesis in 11 patients. In the first category two 
implants exfoliated during the healing period and one was removed after 18 
months. Six implants under full dentures in two patients became exposed. Exposure 
is thought to occur as a result of the periodic trauma inflicted by the lower denture 
on the very thin mucosal tissue overlying the implants. No exposure was expe-
rienced underneath the fixed bridgework. Exposed implants were shortened by 
grinding with a diamond stone to the level of the alveolar crest and resubmerged. 
During this saving procedure it was observed that the implants were strongly 
attached to the alveolar bone. It was concluded that exfoliation rarely occurs during 
periods up to 30 months. According to Denissen et al., these results are probably 
due to proper insertion techniques (2-3 mm below the alveolar crest to allow for 
initial alveolar resorption) and primary closure of the extraction wounds. It seemed 
to be beyond doubt that the physical presence of the implant guarantees a residual 
bulk or volume of the alveolar ridge. 
In an 11-year follow-up report on 81 root implants under mandibular complete 
dentures placed in 11 patients (Denissen et al., 1989), 61 implants (75%) were still 
present, 10 of these implants being exposed permucosally but strongly attached to 
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bone. All implants under fixed dentures remained submucosally. 
Veldhuis et al. (1984), in a 5-year evaluation of 212 apatite root implants in 24 
patients, calculated that dehiscencies start at about 10 months and the percentage of 
implants having ever showed a dehiscency within 5 years, will be increased to 
almost 30%. The roots in this study were inserted at least 2 mm below the most 
apical part of the socket crest. Complete closure of the extraction wound was 
achieved by suturing mucosal flaps. By evaluating 25 publications on alveolar bone 
loss after total extraction without insertion of implants, indirectly a height loss of 
7.6 mm was found in the first 5 years. Since dehiscency, i.e. a bone loss of about 
2 mm occurred in approximately 30% of the implants, Veldhuis et al. concluded 
that 70% of the implants succeeded in reducing alveolar height loss and therefore, 
the insertion of apatite tooth roots immediately after extraction is an efficient 
method of minimizing residual ridge reduction. However, no mention was made 
whether only the lower jaw was taken as site of implantation, or that implants were 
also placed in the upper jaw. On an average the resorption of the edentulous upper 
jaw is four times less than the resorption of the lower jaw. This would influence 
the above percentage of dehicencies. 
Boyne et al. (1984) placed solid HA root implants in extraction sockets of beagle 
dogs immediately after the extraction of teeth and after 5 weeks in predrilled holes 
at the site of healed extraction sockets. The implants were placed level with the 
lingual socket wall and 1 mm above the buccal socket wall. After 36 months a 
tenacious apposition of lammellar, cortical type of bone was noticed. Bone over the 
implants extended from the lingual surface of the alveolar ridge, that at that side is 
found to have an excellent propensity for repair. Although becoming thinner in the 
region of the buccal crest, this covering bone was well maintained. Increased width 
of the superior portion of the alveolar ridge was demonstrated with both the 
immediate and delayed type of implants when compared with the control sites. No 
exfoliations or exposures were recorded. According to Boyne, the results indicate 
that the implants are capable of long term bone maintenance. 
Quinn and Kent (1984), in an animal experiment, compared alveolar bone height 
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when solid HA root implants were placed in fresh extraction sockets versus bone 
height when sockets were left empty and versus bone height when sockets were 
allowed to heal for 3 months before placement of implants in predrilled holes at 
that site took place. The implants were placed 2 mm below the alveolar crest. After 
6-7 months and loss of four implants out of 88, a bone-HA interface was establis-
hed without soft tissue encapsulation. The implants in fresh extraction sockets 
maintained 2 mm more alveolar bone height than did the empty control sites. 
Implants in healed extraction sites did not maintain bone when compared to control 
sites. They found that it was not necessary to fill the extraction socket completely. 
Placing the root implants 2-3 mm below the socket crest without soft tissue closure 
allows bone and soft tissue to grow across. On the basis of this success in maintai-
ning alveolar bone, a clinical study (Quinn et al., 198S) was initiated to quantify 
the extent of ridge preservation. Ninety-two HA implants were inserted in 49 
patients, 2-3 mm below the alveolar crest. The superior aspect of the implants was 
rounded of to avoid sharp edges. Healing was achieved by secondary intention. 
Changes in height and width of the alveolar ridges were measured between tattoo 
marks on the mucosa. Although it is critized that this is not a true bone level 
measurement and changes in the position of the tattoo marks during healing are 
likely to occur, statistical evaluation showed that up to 24 months significantly 
twice as much alveolar bone was maintained when compared to control sites. 
Following that period up to 31 months only a nearly significant difference was 
measured. Nine implants (9.7%) were lost presumably due to shallow sockets, too 
thin buccal walls and failure to shorten the implants when they tended to become 
prominent. Twenty-four implants became prominent submucosally and were 
resubmerged using a diamond stone. Complications amounted to 36% after 31 
months. It is believed that this number can be lowered by using deeper sockets, in 
time resubmerging of prominent implants and rounding off sharp edges. According 
to Quinn and Kent there appears to be no doubt that hydroxylapatite will preserve 
alveolar bone when placed in extraction sockets. They consider this method to be 
more effective than submergence of vital roots. 
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Gumaer (1985), in an animal study, compared new bone formation around more 
precisely fitting HA root implants with that around poorly fitting root implants and 
concluded that precise fit was not necessary for success. All implants were 
completely accepted, with evidence of new bone formation continuing during the 6 
month experimental period. No resorption of the alveolar ridge was observed by 
gross or microscopic examination. 
Ashman and Bruins (1985) reported clinical cases in which they filled sockets with 
granules of "hard tissue replacement" (HTR), a composite of polymethylmetha-
crylate (PMMA) and polyhydroxylethylmethacrylate (PHEMA). The authors 
observed successful maintenance of the alveolar ridge and stated that also new 
alveolar bone is generated by the use of HTR. 
Kangvonkit et al. (1986) measured ridge resorption on periodic cephalographs 
after they inserted 96 HA solid cones in 15 patients, at least 1 mm below the 
alveolar crest in the mandibular symphysis region. Dentures were placed immedia-
tely after the operation. The teeth to be extracted had periodontal bone loss less 
than 2/3 of the root length. During a 24 month period 6.2% of the implants were 
lost due to loss of the septal and labial bone. Also load transfer from the dentures 
to the implants caused exfoliation. Sharp edges at the superior surface were 
believed to be the principal cause in cases of dehiscencies (17%). Resorption of the 
anterior part of the mandible was significantly less when compared to a control 
group without implants. Also in this study it was recommended to place the 
implants at least 2 mm below the alveolar crest to allow for initial vertical bone 
resorption and neither was complete closure of the extraction wounds found neces-
sary. 
Also Sattayasanskul et al. (1988) assessed the extent to which root implants are 
able to inhibit postextraction alveolar bone loss. In a clinical trial over 1 year, 74 
adjusted, dense HA root implants were firmly fitted in preselected mandibular 
sockets (at least 4-5 mm bone around), 2-3 mm below the alveolar crest. No 
complete gingival closure was performed. Measurements on orthopantomograms 
(OPT) and plaster casts made from alginate impressions revealed that patients 
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provided with implants were found to have significantly higher and wider residual 
ridges than control patients. After 1 year 20 % of the implants were lost. Still they 
concluded that the technique is promising and should be considered if excess 
alveolar resorption is likely. 
The same team also reported (Brook et al., 1988) the results of 81 HA root 
implants in 21 patients. The same technique was applied as in the study of Sattaya-
sanskul. After 1 year, 19,8 % (16 implants) had been lost. The proportion of 
canine replicas lost (30%) was significantly greater than that of non-canines lost 
(8.8%). Due to the spindle-shape of canine roots, a tight fit of the replicas in 
canine sockets was hard to achieve. 
An example of the use of bioglass to form solid root implants, was given by 
Stanley et al. (1987). Bioglass contains silica (SiO^, calcium oxide (CaO), sodium 
oxide (Na20) and phosphorus pentoxide (P203). According to Stanley, the surface 
of bioglass particles or bodies, when in contact with body fluids, will convert to a 
silica-CaO/P20, rich gel layer that subsequently mineralizes. This gel layer so 
resembles HA matrix that osteoblasts are differentiated and new bone is deposited. 
Twenty-nine patients received 242 cones of bioglass, 2 mm below the crestal bone 
of fresh extraction sockets for an observation time ranging from 12 to 32 months. 
Bone burs matching the size of the implants were used to contour the sockets for 
proper fit of the implants. Primary closure was performed. No dentures were allo-
wed for 6 weeks. After 32 months only seven implants (2.9%) had been lost. Six 
implants had to be recontoured because of sharp edges palpable under the mucosa. 
No report was given on bone or volume maintenance. Bioglass appeared to be 
highly biocompatible as evidenced by absence of inflammation, normal mucosal 
healing, and radiographic evidence of bone healing around the implants. Surgical 
exposure during recontouring revealed new bone in direct contact with the implants 
circumferentially. 
So far, reports have been cited, creating the impression that tooth root implants are 
positively contributing to the preservation of alveolar bone or alveolar ridge 
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volume. This may occur as long as the implants are stably retained. On this point, 
different results are given, but even 20% exfoliation within 1 year seems to be 
regarded as successful (Satayasanskul et al., 1988; Brook et al., 1988). Still, 
studies with more negative results have also been published. 
Kwon et al. (1986) in a human study, reported 53% dehiscency and 27% loss 
within 21 months after implantation of 70 solid HA root cones in the anterior part 
of the mandible. Cephalometric measurements of decrease in anterior mandibular 
bone height showed no significant differences between the implant group and a 
control group without implants. Neither was a significant decrease in bone volume 
measured between the implant group and the control group. The difference with 
some other studies is that in Kwon's study the implants were inserted only 1 mm 
below the alveolar crest while in other studies 2-3 mm is recommended to allow 
bone growth over the implants and to allow for initial resorption. However, Boyne 
et al. (1984) still experienced bone growth over the implants when placed level 
with the lingual wall and 1 mm above the buccal wall. Also Kangvonkit (1986) 
placed the implants 1 mm below the socket crest, but lost only 6.2%. In Kwon's 
study no mucoperiosteal flaps were made for primary closure of the extraction 
wounds. Antibiotics were administered before surgery up to 7 days after surgery. 
Kwon believes that as the HA root cones bond with bone they are not able to 
migrate in an upward direction. He therefore considers bone resorption as the 
explanation for dehiscency and loss of the implants. He states that regarding these 
results no significant alveolar bone preservation is achieved by HA ceramic cones. 
In some other studies the use of solid root implants was compared with that of 
implants in particulate form, a trend which came up around 1985. Filling extraction 
sockets with small particles instead of solid root implants to preserve alveolar bone 
or ridge volume gives a closer adaptation to the socket wall, while tissue growth 
between the particles provides retention of the implant material. The application of 
particles is less laborious and time consuming (Bell, 1986). No adjustments have to 
be made to provide a proper fit of the implant to the socket. 
Bell (1986) compared the effectiveness of solid HA root implants with particulate 
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HA as socket filling material. He found that 23,5% (12 out of 51) of the solid 
roots had to be removed within 21 months. As reasons for these failures are 
mentioned: insertion of the implants not deep enough; too thin buccal or lingual 
socket walls; alveolar bone resorption and denture trauma. Although alveolar bone 
resorption is thought by Bell to continue at a slower pace than in the regions that 
did not receive implants, neither form of HA seemed to prevent the initial alveolar 
resorption that occurs immediately after tooth extraction. Eventually, submucosal 
prominence seems inevitable and resubmergence is appropriate in an effort to save 
the implant. However, both forms appeared to be effective in preserving more of 
the alveolar ridge volume than tooth sockets that did not receive HA implants. The 
use of particulate HA eliminates the technical procedures involved in choosing, 
shaping, and seating cone type implants and as Bell says, is more prudent, forgi-
ving, considerate, problem-free and predictable. 
Also Block and Kent (1986), in an animal experiment, compared solid root 
implants with particulate HA. The solid implants that were placed 2-3 mm below 
the alveolar interdental crest, became clearly visible beneath the mucosa on the 
buccal surfaces between 12 and 18 months, but did not expose or got lost. The 
lingual bone over the implants had not resorbed. After 18 months measurements 
showed resorption of the buccal alveolar wall up to 75% in all premolar sites and 
50% in all molar sites. This resorption pattern did not differ significantly from the 
control sites. Lingual cortical bone height was maintained, similar to the control 
sites. Caliper measurements after 6 months showed the width of the alveolar ridge 
to be 30% more maintained than that of control sites. It was noticed that resorption 
occurred rapidly up to 6 months after extraction and then proceeded at a slower 
rate. Because in this study HA particles filled the sockets to the level of the socket 
septum, they were able to preserve 2-3 mm more bone height than did the solid 
root implants. In spite of earlier conclusions by Kent, Block and Kent concluded 
that this study did not support the premise that HA particles or root implants 
preserve alveolar bone. Alveolar ridge width and height are preserved primarily by 
the implant material itself. 
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Negative results on retaining solid HA root implants were also experienced by 
Cranin et al. (1988). After implantation of 100 root cones in upper and lower jaws 
in man 1 mm beneath the socket crest and no primary closure, 55 % were lost after 
1 year and 10% showed dehiscency. Even after shortening and resubmerging of the 
root implants, extrusion continued until the implants exfoliated. Cranin found this 
technique not reliable for alveolar ridge maintenance. Particulate HA in compa-
rison, was found to be more stable, maintaining a firm alveolar ridge. Only 5-10% 
of the particles was lost during the healing period and after 1 year no further loss 
was observed. According to Cranin, the benefit of particles is that there is no 
necessity for keeping many sizes of root implants on hand to select a proper fitting 
implant and no special procedures are necessary for altering the implant shapes. 
The cone technique is based on the all or nothing philosophy, which means that if 
the solid implant becomes exposed, the entire implant will be lost. Compared to 
solid HA implants, HA particles are more reliable for post extraction ridge mainte-
nance. 
A positive effect on volume preservation of the alveolar ridge by the use of HA 
particles was also experienced in animal studies by Sherer et al. (1987) and Hahn 
et al. (1988). Except for a few particles within 2 weeks after implantation no 
particles were lost. 
1.4 CONCLUSIONS 
From all cited studies it is obvious that artificial tooth root implants, as long as 
they are stably retained, may physically help to preserve the volume of the alveolar 
ridge or, as reported in some studies, delay alveolar bone resorption. Results on 
long-term retention of solid root implants however, are divergent. Implant retention 
seems to be related to individual resorption rate, implant site selection, implant 
shape, implant procedures and denture trauma. Beside a poor initial fit, fluid 
pressure in the socket, as mentioned by Simon (1974), may be a factor in early 
migration of the implant, especially when the bone that clenches the implant after 
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firmly wedging, withdraws. Except for plaster of Paris (Lam, 1972), lack of bio-
compatibility has not been mentioned as cause for early root implant loss. 
Although less studies have been published on the application of root implants in 
particulate form than on solid root implants, the application of implants in particu-
late form seems to produce better results. 
Literature shows that to have a tooth root implant that functions well, i.e. preser-
ves alveolar bone or alveolar ridge volume for a long period of time, the following 
requirements should be met by the implant and implant procedures. 
Tooth root implant material must be biocompatible. 
After insertion the root implants should be completely surrounded by socket 
bone; socket depth should be 2/3 of the length of the extracted root or 
more; too thin socket walls will lead to fenestration and dehiscency. 
Insertion should be at least 2-3 mm below the lowest point of the alveolar 
crest to allow for initial bone resorption and bone growth over the implant, 
while enough room is created for a viable blood clot above the implant. 
Complete closure of the extraction wounds by mobilizing and suturing 
mucosal flaps over the implants should be performed to bring about healing 
by primary intention. This method however, is sometimes said to reduce the 
vestibular sulcus depth. 
Sharp edges at the superior surface of the implant should be rounded off. 
Once the implants become exposed, they should be resubmerged. 
Root implants should closely match the contours of the socket walls to 
provide a good initial fixation and to prevent early migration. 
1.5 OBJECTIVES AND RELEVANCE OF THE STUDIES 
The ultimate objective of the studies presented in this thesis is to find a biocom-
patible material(s) that as a tooth root substitute will succeed in prolonged preserva-
tion of the edentulous alveolar ridge. Most of the solid root implants are prefabri-
cated HA cones which usually need adjustment in shape to achieve a proper and 
27 
firm socket fît to prevent early migration and to enhance early fixation by the 
surrounding tissues. Consequently, the use of these implants is both laborious and 
time consuming and yet often fail in achieving a proper fit and initial fixation. The-
refore, mouldable implant materials, which can be easily and closely adapted to the 
implant bed, and which cure in situ, were considered to have many advantages. 
When, in addition, the implants formed by such materials are porous to allow 
tissue ingrowth, and more specially bony ingrowth, to achieve fixation of the 
implant to the body, the prognosis for long-term retention of such an implant migty 
be better, at the same time contributing to alveolar ridge preservation. Such an 
implant meets the requirements as mentioned in the foregoing paragraph. 
The objective of the study, as presented in chapter 2, was to examine the suitabili-
ty of mouldable porous polymethylmethacrylate (PMMA) as a tooth root implant 
material that possibly meets the above described advantages. This material has been 
used successfully in reconstructive surgery (Vaandrager et al., 1983) and was 
therefore introduced to serve as a root implant material. A description of the mate-
rial, the method of application and the reactions of the surrounding tissues at 
several experimental periods up to 54 weeks are presented in this study. 
Because of some less favourable aspects of porous PMMA as a root replacing 
material and the reported more favourable results with calcium phosphates as 
biomaterials at that time, the study on porous PMMA was abandoned. In view of 
the ever continuing resorption of the alveolar bone, with or without root implants, 
attention was directed towards the study of four different calcium phosphates, 
including HA, for possible application in a partially resorbable tooth root implant. 
If alveolar bone resorption is continuous at whatever rate, sooner or later the root 
implants will become prominent and expose. As advocated by Lam (1968) and stu-
died by Marnai et al. (1989) it is believed that prominence, dehiscence and loss 
might be avoided by the implantation of resorbable root implants which will slowly 
be replaced by bone. The implant should resorb at the same rate and in the same 
direction as the alveolar ridge does by its natural resorption. In the mean time the 
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remainder of the resorbing implant has to keep on serving as a space-maintainer 
between the remainder of the socket walls, thus preserving the width of the residual 
alveolar ridge. In this way functioning of complete dentures may still be favoured. 
As calcium phosphates are highly compatible with host tissues, a resorbable root 
implant may be composed of calcium phosphate layers. To cope with the in time 
decreasing but continuing alveolar bone resorption the calcium phosphate layers 
should have different in vivo resorption rates. The calcium phosphate layer nearest 
to the alveolar crest has to resorb at a higher rate than the more apically situated 
layers. 
To develop such an implant, four calcium phosphates with in sequence decreasing 
in vitro solubilities, rhenanite, fl-tricalcium phosphate, hydroxylapatite and magne-
sium whitlockite, were investigated in animal experiments on their interactions with 
the surrounding tissues and their in vivo resorption rates. In chapter 3 the interacti-
ons of the four calcium phosphates with the surrounding tissues are described, 
whereas in chapter 4 the in vivo resorption rates are measured. Because of unex-
pected divergent tissue reactions to rhenanite and ß-tricalcium phosphate, electron 
probe X-ray microanalyses and infrared spectroanalyses were carried out to see 
whether any quantitative and/or qualitative in vivo change in the chemical compo-
sition of the materials had taken place. Also X-ray diffraction was carried out to 
detect a possible change in the crystal structure. The results of these analyses are 
given in chapter S. 
As the usual in vivo behaviour of rhenanite is still rather unknown, a new investi-
gation was held to gain more information on this material. Chapter 6 deals with 
this investigation that compares the tissue reactions to rhenanite with the more 
familiar reactions to hydroxylapatite, both in particulate form and inserted in 
animal extraction sockets. In this study the presence of "pores" is emphasized, and 
thus a link is formed with tissue growth into the pores of PMMA cement as descri-
bed in chapter 2. As the chemical composition and crystal structure of rhenanite 
might change upon implantation, as reported in chapter 5, evaluation on this point 
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was again performed. 
Chapter 7 provides the general discussion and conclusions of the investigations and 
recommendations for further research. 
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CHAPTER 2 
POROUS ROOT REPLACEMENTS: REACTIONS OF THE SURROUNDING 
TISSUES 
2.1 INTRODUCTION 
In the present study a porous polymethylmethacrylate (PMMA) cement, which was 
developed by de Wijn (1976, 1982), was evaluated as an in situ polymerizing root 
replacement material. This porous PMMA cement has been found to be biocompa-
tible with both hard and soft tissues (Feith, 1975; van Mullem et al., 1978, 1980, 
1981, 1984, 198S), it exhibits close adaptation histologically, and allows rapid in-
growth of bone and soft tissues. The material has been used successfully in vivo by 
Vaandrager et al. (1980, 1983) in investigations supported by biopsy studies by van 
Mullem et al. (1985). In these investigations the material was used for both recon-
structive surgery of cranial deformities and defects and for recontouring the 
sternum in patients showing pectus excavatum. 
Preliminary investigations on the use of PMMA cement as a root replacement 
material in beagle dogs has been reported by Ramselaar et al. (1980). In the 
present study these investigations are extended to include more animals over longer 
periods of time to further evaluate the merits of the PMMA material. 
2.2 MATERIALS AND METHODS 
2.2.1 The implant material 
In order to obtain a mouldable dough with interconnected pores, the following 
system was developed by de Wijn (1976). Acrylic polymer powder of a commer-
cial bone cement (Sulfix 6*) was premixed with purified Na-carboxymethyl 
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cellulose (CMC) powder (Nijmcel-ZHF50, N.V. Nijma, Nijmegen, The Nether­
lands) in a ratio of 67 parts to 7 parts respectively. CMC is a well known water 
thickener. While stirring, 33 parts of monomer and then 93 parts of water were 
added - stirring continuing until the mixture was doughy and had a smooth appea­
rance. A schematic representation of the mixing procedure is given in Fig. 2.1. 
PMMA CMC 
powder powder monomer water 
mix 
mix 
mix „_J 
mouldable 
dough 
Fig. 2.1 Mixing scheme to obtain mouldable porous implant material. 
The resulting dough is a system in which two matrices interpenetrate: an acrylic 
phase and an aqueous CMC-gel in about equal volume fractions. It was packed into 
a sterile syringe and injected into the empty tooth socket. After curing, the CMC 
dissolves in tissue fluids leaving a structure with interconnected pores (SO per cent 
pore volume) with an average pore size of *» 600 μπι (range 200-1000 μπι) 
(Fig.2.2). 
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Fig. 2.2 Sample of porous PMMA cement after curing. The CMC has been washed out. 
2.2.2 Animal model 
Two studies, one short-term and the other long-term, were carried out. The short-
term study was carried out to determine whether injection of the mouldable cement 
would form implants which would be retained. Under general anaesthesia 12 
mandibular molars and seven mandibular premolars were extracted from nine 
beagle dogs at different times to obtain experimental periods of 6 h, 1 week, 6 
weeks and 9 weeks. The empty tooth sockets were cleaned of debris with a spray 
of physiological saline solution and then packed with sterile cotton gauze to stop 
bleeding. Thirty-seven sockets were filled with PMMA dough using a syringe for 
elastomeric impression materials. To avoid separation of the phases in the dough, 
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the internal diameter of the tip syringe was at least 2 mm. The injected implant 
material was left 1 mm below the level of the alveolar crest to provide room fot 
the formation of an adequate blood clot, and to facilitate subsequent growth of the 
alveolar bone over the implant. After curing of the PMMA implant, and prior to' 
wound closure by suturing, immediate fixation was tested using a dental probe. 
Post-operatively the dogs were put on a soft diet and given antibiotics (Albipert 
l.a, 2.5ml/15kg body weight) every other day for 10 days. Throughout the 
experimental period the surgical sites were inspected weekly. At the end of thé 
experimental period the dogs were sacrificed. 
Perfusion fixation was carried out using physiological saline solution, followed by 
neutral 4 per cent formaldehyde solution. Blocks of tissue containing the impiantii 
were dissected out, and then immersed in 4 per cent formaldehyde fixative. 
Following fixation the blocks were decalcified in S per cent formic acid and 
upgraded to an embedding medium based on glycolmethacrylate (JB 4; Polyscien-
ces Inc., Warrington, PA, USA). Sections (7 μιη thick) were cut and every twenty-
fifth section was stained with haematoxylin (Harris)-toluidine blue-acid fuchsiri 
(HTF). The glycolmethacrylate embedding medium was chosen to enable the 
implants to be left in situ, thus enabling examination of undisrupted tissue/implant 
interfaces. 
In the long-term study eight first mandibular molars were extracted from four 
beagle dogs creating 16 empty sockets. Twelve of these sockets were used for 
implantation and the remaining sockets (in two dogs), which were left unfilled, 
acted as control sites. Immediately after the removal of the molars, retention 
grooves were drilled in the mesial and the distal walls of the sockets with a sterile 
diamond wheel - retention of the implants having been found to be limited during1 
the short-term study. After implantation of the PMMA cement the adjacent buccal 
gingiva was mobilized and sutured to achieve a complete closure of the extraction 
sockets. All extraction wounds healed uneventfully. The experimental periods in 
this long-term study were 16 and 54 weeks. The dogs were killed and histological 
sections of the implant sites were obtained using the techniques detailed above. 
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To investigate tissue reactions, histological sections of the successful implants 
from both the short- and the long-term studies were examined. The number of 
implants for each experimental period are set out in Table 2.1. 
Table 2.1 Number of implants histologically evaluated per 
experimental period 
Experimental period Number of 
implants 
6 h 2 
1 wk 2 
6wk 14 
9wk 3 
16 wk 8 
54 wk 4 
Total 33 
2.3 RESULTS 
In the short-term study 15 of the 37 implants were lost. In the remaining cases 
healing was uneventful. One implant of the 6 week period was lost during histolo-
gical processing. Histological evaluation indicated that 11 of the successful implants 
had protruded from the alveolar crest. 
In the long-term study all 12 implants were retained and healing was uneventful in 
all cases. Histological evaluation of these implants revealed that only five were 
below the level of the adjacent alveolar bone. In spite of the retentive preparation, 
seven implants became level with or protruded above the alveolar crest. 
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2.3.1 Histological results 
Six hours (two implants) 
Microscopic evaluation indicated that both of these implants had become dislodged. 
One implant was level with the alveolar crest and the other protruded above the 
alveolar crest. There was no evidence of hard or soft tissue formation inside the 
implant pores so soon after placement. Only large quantities of erythrocytes and 
neutrophilic leucocytes were present. Direct contact between PMMA cement and 
lamina dura existed in many places, in others periodontal remnants and necrosis 
were apparent. 
One week (two implants) 
Microscopic evaluation of the specimens revealed that one implant had protruded 
slightly above the alveolar crest, but that wound healing had been uneventful. 
These implants were covered by connective tissue and epithelium, and vascular 
connective tissue was observed within the pores of the PMMA. This vascular 
connective tissue had grown from the periphery towards the centre of the implant. 
New bone apposition was seen in the interface against the non-vital surface of the 
lamina dura. No inflammation could be detected on either the interface or the pores 
of the PMMA. However, localized patches of necrotic cells were observed in both 
the implant pores and the interface. 
Six weeks (fourteen implants) 
Five of the 14 implants protruded well above the alveolar crest. In these cases no 
overgrowth of bone could be observed. However, the implants were covered by 
normal mucosa. In those cases in which the upper surface of the implant was level 
with, or below the alveolar crest, limited bone coverage was observed (Fig. 2.3). 
At this stage of the experiment there was clear evidence of bone ingrowth into the 
pores of the implants (Fig. 2.4). In a few cases some inflammatory foci could be 
detected in the interface and the pores of the implants. While there was evidence of 
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osteocyte necrosis in the lamina dura, there was no evidence of necrosis in either 
the interface or tissue present in the pores of all but one of the implants. Soft tissue 
was found to surround the implants, both inside the pores and along the interface. 
In most cases some osteoclasts were found along the limiting edge of the alveolar 
crest. 
Fig. 2.3 With the upper surface of the implant (i) below the alveolar crest (c), bone (b) starts to 
grow over (6 weeks). HTF, χ 26.4. 
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Fig. 2.4 After 6 weeks bone (b) was present in the pores of the implant (i). HTF, χ 26.4. 
Nine weeks (three implants) 
All 3 implants protruded above the alveolar crest, but were covered by normal 
mucosa. The ingrowth of bone into the implant pores, and the new bone in the 
interface, was more pronounced than in the 6 week specimens. Signs of inflam­
mation and soft tissue necrosis were absent. In one case there was evidence of 
resorption of the alveolar crest - osteoclasts being present in the sections examined. 
Sixteen weeL· (eight implants) 
In these specimens retention grooves had been prepared and closure of the 
extraction wounds had been achieved by mobilizing the buccal gingivae prior to 
suturing. In all cases the implants were considered successful. Despite the prepara­
tion of retention grooves, five of the eight implants were found to be level with or 
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protruding above the alveolar crest. In the three cases in which the implant was 
below the alveolar crest, bone coverage was almost complete. Haversian systems 
were observed in one case. 
Fig. 2.5 Where the upper surface of the implant (i) protruded above the alveolar crest (se), no 
bone was present over the implant (16 weeks). HTF, χ 26.4. 
When the implant surface was found to be flush with the alveolar crest, only 
limited bone coverage was seen. Bone was never observed above protruding 
implant material (Fig. 2.5). 
In all eight cases new bone was seen to be present in the interface. However, the 
amount of bony ingrowth was less than that observed in the 6 and the 9 week 
specimens. No bone ingrowth was seen in five of the eight specimens. Three 
implants showed bands or distinct areas of hard tissue (Fig. 2.6). The available 
pore volume was incompletely filled in all cases. Resorption of the alveolar crest 
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was considered to be less pronounced than in the 6 and 9 week specimens. 
Fig. 2.6 In three of the 16-week implants (i) some bone (b) was found in the central 
pores. HTF, χ 26.4. 
Fifty-four weeks (four implants) 
As in the 16 week specimens, retention grooves had been prepared and the buccal 
mucosa was mobilized before suturing. Two implants were found to lie well below 
the alveolar crest, one was level with the alveolar crest and the fourth protruded 
above the level of the crest. The implants which lay below the level of the crest 
were covered by bone (Fig. 2.7), the other two implants had partial bone coverage 
(approx. two-thirds). Haversian systems were found in two cases. 
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Fig. 2.7 A 54 week implant (i) completely covered by bone (b) with Haversian 
systems. HTF, χ 10.6. 
Bone ingrowth was very poor. Two implants exhibited a little bone in the superfi­
cial pores (Fig. 2.8). The other implants showed no ingrowth of bone at all. All 
soft tissue present in the pores was well-vascularized. A few inflammatory foci 
were located inside the implant pores and in the interface. The composition of these 
foci did not differ greatly from that of the foci seen in the 16 week specimens. No 
soft tissue necrosis was found, and the number of osteoclasts present in the region 
of the alveolar crest were not indicative of severe resorption. 
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Fig. 2.8 Illustration of the limited bone (b) ingrowth observed in only two of the 54 
week implants (i). s = soft tissue in pore. HTF, χ 42.2.8. 
2.4 DISCUSSION 
Initial contact between the PMMA cement and the dry socket walls appeared to 
cause haemmorrhage which tended to wash out the uncured cement from the 
socket. Therefore, the cement should be held in place with a blunt instrument until 
it has cured. 
Because of the conical shape of the socket, it is possible that the haemorrhage 
following curing of the cement could dislodge the implant, leaving it protruding 
from the socket. 
To avoid displacement, all sockets in the long-term study were made retentive by 
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preparing retention grooves (about 1 mm deep) in the mesial and distal walls prior 
to implantation. However, seven of the 12 implants placed in the retentive sockets 
were subsequently found to be either level with, or protruding above the alveolar 
crest. In these cases the reason for the displacement was not apparent. Shrinkage of 
the implant after curing (Groenenberg, 1984), or temporary widening of the 
interface due to possible irritation of the surrounding tissues by the implant (van 
Mullem, 1980), are possible explanations. However, linear shrinkage of the cured 
PMMA cement is only 0.25 per cent (Groenenberg, 1984), too small an amount to 
account for the implants being displaced from the retention grooves. 
2.4.1 Loss of implants 
In the short-term study (9 weeks) 15 of the 37 implants were lost. However, in this 
part of the study the gingival tissues were not mobilized prior to suturing, and 
closure was generally incomplete. Incomplete closure led to infection and break-
down of the blood clot above the implants, rejection occurring subsequently in 15 
cases. The success of the remaining implants was attributed to the absence of 
infection. 
In the long-term study the extraction sites were completely closed during suturing. 
As a result wound healing tended to be uneventful and no rejection took place. 
From these findings it was concluded that following implantation it is essential to 
achieve complete closure. 
2.4.2 Ingrowth of bone into the implant pores 
After 6 weeks bone was seen to have grown into the implant pores. The amount of 
bony ingrowth appeared to increase to a maximum of approximately 25 per cent of 
the total pore volume at the 9 week period, following this it gradually decreased. 
At the 54 week period only some bone was seen in the superficial pores. 
Other studies in which porous PMMA was inserted in the frontal bone of swine 
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(van Mullem et al., 1980), in the tibia and the femur of baboons (Nathanson et al., 
1978), and submucosally in the mandible of mongrel dogs (Peterson et al., 1979), 
it was found that after periods of 2 years, 14 weeks and 24 months, respectively, 
bone was present within the implants. Also, when porous PMMA cement was used 
in cranial defects, or for augmentations (Vaandrager et al., 1980; van Mullem et 
al., 1980, 1981; Groenenberg, 1984), bone was seen to grow into the implant after 
prolonged periods of time. These results are in contrast to the present findings. An 
explanation for this discrepancy may be attributed to the different site of implan-
tation, and to the events which typically occur after extraction of a tooth. Initially 
the contents of a sutured socket are replaced by bone growing in from the lamina 
dura. Apparently, trauma of the extraction evokes hard tissue ingrowth. Bony 
growth into the pores of the implant during the first 9 weeks represents this initial 
reaction to the extraction trauma. Later on, when no implant is present in the 
socket, the initial ingrowth of hard tissue is resorbed together with the lamina dura 
and the supporting trabecular bone, leaving an alveolar process containing mainly 
soft tissue (Bhaskar, 1986). As transfer of loads no longer occurs resorption of the 
alveolar bone takes place. As the tooth root substituting implants, which are 
encapsulated in the alveolar bone, are not loaded, no forces are transferred to the 
alveolar bone to stimulate osteogenesis. Therefore, resorption occurs following the 
initial response. 
2.5 CONCLUSIONS 
1. Complete closure of implantation sites is essential to avoid infection and 
subsequent loss of PMMA root replacements. 
2. Immobilization of the implants is important, as any displacement of the 
implant above the alveolar crest hinders overgrowth of bone. 
3. The observation that the amount of ingrowth of bone into the pores of the 
implants increased to a maximum at about 9 weeks, and then subsequently 
decreased with time suggests that, after an initial reaction to the trauma of 
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extraction and implantation, resorption occurs despite the presence of the 
(unloaded) implants. 
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CHAPTER 3 
TISSUE REACTIONS TO FOUR CALCIUM PHOSPHATE CERAMICS 
3.1 INTRODUCTION 
Continuing alveolar bone resorption is presumed to be an important factor in 
causing exposure and subsequent loss of root implants. As up to now this resorp-
tion could not be completely counteracted, it has been thought possible to avoid 
exposure by implanting a resorbable tooth root substitute that in time is able to 
resorb at the same rate and in the same direction as the alveolar bone does by its 
vertical resorption. The remaining part of the resorbing implant will keep serving 
as a space-maintainer between the socket walls, thereby preserving the width of the 
alveolar ridge. 
Because of its generally accepted compatibility with host tissues, this resorbable 
tooth root substitute may be composed of calcium phosphate layers. In an apical 
direction each subsequent layer will have a lower resorption rate to correspond 
with the decreasing resorption rate of the alveolar bone. The purpose of his study 
was to determine the in vivo resorption rates and to study the interactions with the 
surrounding tissues of four calcium phosphates, having different in vitro solubilities 
and therefore hypothetically expected to resorb correspondingly in vivo (Driessens 
and Verbeeck, 1988). 
In this chapter the interactions with the surrounding tissues are presented, while in 
chapter 4 the measurements on in vivo resorption are reproduced. 
3.2 MATERIALS AND METHODS 
The materials under investigation were in sequence of progressive solubility in 
vitro: magnesium-whitlockite (Mg-W), hydroxylapatite (HA), fi-tricalcium 
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phosphate (ß-TCP) and rhenanite (Rh). HA and ß-TCP have been subject in many 
studies, Mg-W and Rh are less known. Data on Mg-W and Rh are given by 
Terpstra et al. (1983) and Ando and Matsuno (1968), respectively. The in vitro 
solubilities of the first three materials were obtained by theoretical calculation at 
pH 7, the in vitro solubility of Rh is based on experimental dissolution at pH 7 in 
distilled water. 
Of each material bars were made by a sintering process consisting of wet powder 
compaction, followed by firing at the appropriate temperatures during the required 
time. Manufacturing conditions and the main features of the calcium phosphates are 
given in Table 3.1. The resulting bars were machined into cylinders 7 mm high 
and 5 mm diameter. Before implantation the cylinders were ethylene oxide sterili-
zed. 
Table 3.1 Manufacturing conditions and main features of the applied calcium phosphates 
Chemical 
formula 
Starting powders Sintering conditi-
on· 
temperature (°Q 
tune (h/w) 
In vùro aolu-
bilily in H]0 
atpH7(g l ' ) 
Micro-
porosi-
t y ( » ) 
Ca/P 
rabo 
Mg-W Ca z ^g a , (P0 4 ) 1 MgO Merck 5866 1400 16 h in air 
CaCO, Merck 2066 
CaHP04 Baker 0080 
009 25 125 
ΗΛ 
в-ТСР 
Rh 
Са.ЛгХШОН), 
Са,(Р04), 
CaNaPO, 
CaCO, 
CaHPO, 
CaCOj 
CaHP04 
CaHPO, 
NaHCO, 
Merck 2066 
Baker 0800 
Merck 2066 
Baker O0B0 
Baker OOBO 
Merck 6329 
1300 16 h in air 
1150 1 win air 
1300 16 h in air 
0 13 
0 17 
100 
25 
35 
10 
167 
1 5 
1 
X-ray diffraction proved the products to be single phase. Compression pressure 490 N mm'1, 
h = hours, w = weeks. 
For the site of implantation, the forehead (parietal and frontal bones) of 3 month 
old pigs (Sus scrofa) was chosen for both the tissue interaction study and the 
resorption rate study. The parietal and frontal bones offer a very well accessible, 
large implantation area consisting of enough spongeous bone to insert several 
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implants of a height up to 10 mm. Furthermore in this area the implants are not 
disturbed by movements of overlying muscles or skin. Eight animals were used, 
distributed over two equal groups of 6 week and 3 month experimental periods. 
For the tissue interaction study, each animal received two cylinders of different 
calcium phosphates, along with four cylinders in acrylic tubes of the same two 
calcium phosphates for resorption measurements (see chapter 4). Fig. 3.1 shows 
the distribution of the calcium phosphate cylinders over the implantation area. In 
this way a total number of 16 implants became available to study the tissue interac-
tions, each calcium phosphate being represented twice per experimental period. 
Fig. 3.1 Distribution of the calcium phosphate cylinders over the implantation area. The two 
lower tubes are covered by millipore filters, those in the middle are uncovered. The 
upper single cylinders are destined for the tissue interaction study. 
Under general anaesthesia, 5 mm wide and 5 mm deep cavities were drilled in the 
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implantation site in which the cylinders were snugly fitted. One end of the implants 
was placed in direct contact with the bottom of the cavities, the other end protruded 
2 mm from the cavities to become covered by soft tissue after the operation. This 
gave the opportunity to study a possible difference in interaction with soft tissue at 
the upper side and bone tissue at the lower side. After insertion of the implants the 
periosteum and epidermis were replaced and sutured. All animals were administe-
red an antibiotic (Albipen), 10 cm3 at day 0, 2, 4 and 6 after the operation. 
At the end of the experimental periods the animals were sacrificed and blocks of 
tissue containing the implants were sawn out. For the tissue interaction study, the 
16 blocks containing the single cylinders were fixed immediately by immersion in 
4% neutral formaldehyde solution. All blocks containing Rh and ß-TCP and one 
block containing Mg-W were decalcified in 5% formic acid and embedded in JB4. 
Sections of 7 μιτι thick were cut and haematoxylin-toluidine blue-acid fuchsin 
(HTF) stained. Because of difficulties in decalcifying the other Mg-W and HA 
containing blocks, these blocks were embedded in polymethylmethacrylate and 
sawn into 2 0 - 4 0 μπι thick sections and Giemsa stained. Evaluation of the sections 
containing the implant materials and surrounding tissues was done by light micros­
copy. 
Two Rh cylinders (3 months) and two ß-TCP (6 weeks) cylinders, mounted in 
acrylic tubes and meant for resorption measurements, appeared to have formed a 
tight bond with the surrounding tissues at one or both sides and as a result could 
not be separated from these tissues without causing damage to the surfaces meant 
for profile measurements. To learn the nature of this bond, after profile measure-
ments at non-bonded sides, these implants were added to the tissue interaction 
study and without decalcification were embedded in PMMA, sawed and Giemsa 
stained. Evaluation was done by light microscopy. 
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3.3 RESULTS 
3.3.1 Rh, б week period 
Except for some places showing contact with bone, the implants were surrounded 
by a wide soft tissue layer containing a large number of osteoclast-like cells in 
contact with the implant surfaces. The activity of these cells was clearly directed 
towards the implant material, obviously causing resorption (Fig. 3.2). The original­
ly straight surfaces of the implants became rather notched. Infammatory reactions 
were not observed. Where the upper end of the implant was left 2 mm above the 
bone surface with the purpose to become surrounded by soft tissue after the 
operation, both implants as well as all other implants in this study tended to be 
overgrown by bone, due to the high growth tendency of the still very young 
animals. This bone was separated from the implant by a soft connective tissue 
layer. 
Fig. 3.2 Rhenanite after 6 weeks. Where there is no contact with bone, the implant is 
surrounded by connective tissue, containing osteoclast-like cells (arrows) in contact 
with the implant surface (i). Decalcified section, HTF, χ 168. 
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3.3.2 Rh, 3 month period 
Compared to the 6 week period the amount of osteoclast-like cells had increased 
proportional with the notching of the implant surface (Fig. 3.3). The peri-implant 
area now contained remnants of poorly definable tissue and implant material. 
However, inflammatory reactions were not found. Contact with bone was almost 
completely absent. 
Fig. 3.3 Rhenanite after 3 months. The soft tissue peri-implant contains a large 
number of osteoclast-like cells (arrows), while the implant surface (i) becomes 
strongly affected. Decalcified section, HTF, χ 66. 
3.3.3 Two Rh containing tubes from the resorption measurement study, 3 
month period 
The Rh cylinders inside the tubes showed an intimate contact with bone at both 
ends without any soft tissue layer in between. It could be observed that initial 
resorption of the material took place before but obviously had stopped (Fig. 3.4). 
No osteoclast-like cells were found. 
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Fig. 3.4 In contrast to fig. 3.2 and fig. 3.3 this picture shows rhenanite (Rh) after 
3 months having intimate contact with bone (b), while initial resorption 
has taken place before. This implant cylinder was originally meant for 
profile measurements. No resorptive cells were found, a = acrylic tube. 
Undecalcified section, Giemsa, χ 26.4. 
3.3.4 ß-TCP, 6 week period 
Both implants were surrounded by a less wide soft tissue layer than was seen with 
Rh. One implant had contact with bone limited to one small place. The amount of 
osteoclast-like cells against the implants was less when compared with Rh after 6 
weeks and found at more regular distances. Both implants were clearly notched as 
sign of resorption (Fig. 3.5). Some diffuse inflammatory reactions were seen at 
protruding parts of the implants. 
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Fig. 3.5 ß-TCP after 6 weeks. Contact with bone (b) is limited to one place. Notching of the 
implant surface (i) due to resorption can be observed. Decalcified section, 
HTF, χ 26.4. 
3.3.5 Two ß-TCP containing tubes from the resorption 
measurement study, 6 week period 
Intimate contact between bone and ß-TCP had originated. Lacunae at the surface, a 
sign of initial resorption, were more circumscript than with Rh. These lacunae 
were all filled with soft tissue (Fig. 3.6). 
3.3.6 ß-TCP, 3 month period 
Both implants were surrounded by a soft tissue peri-implant, decreasing in width 
when compared to Rh. Also the amount of osteoclast-like cells against the implant 
material had decreased. Compared to the 6 weeks period notching of the implant 
surface had not increased. Both implants showed a focal inflammatory reaction. 
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Fig. 3.6 In contrast to Fig. 3.5 two ß-TCP cylinders (ß) after 6 weeks and originally destined 
for resorption measurements, showed intimate contact with bone (b) after initial 
resorption, a = acrylic tube. Undecalcified section, Giemsa, χ 26.4. 
3.3.7 HA, 6 week period 
Much more bone was seen to be deposited against the implant at various places 
while at other places a thin soft tissue peri-implant surrounded the material. The 
number of osteoclast-like cells was low. Many of these cells seemed to be in a less 
active state. The implant surface remained fairly straight. Inflammatory reactions 
were not found. (Fig. 3.7). 
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Fig. 3.7 After 6 weeks HA had bone deposited at various places, b = bone. Undecalcified 
section, Giemsa, χ 66. 
3.3.8 HA, 3 month period 
This period was comparable to the 6 week period. Contact with bone was observed 
at many places. 
3.3.9 Mg-W, 6 week period 
Except for one place the implants were still separated from bone by a soft tissue 
peri-implant. Osteoclast-like cells were equal or slightly fewer in number when 
compared with ß-TCP but definitely less when compared with Rh. Notching of the 
implant surface still occurred and it could be clearly seen that detached particles 
had been deposited in the peri-implant (Fig. 3.8). 
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Fig. 3.8 Mg-W (M) after 6 weeks showing particles being detached from the implant 
surface. Decalcified section, HTF, χ 168. 
Fig. 3.9 Mg-W (M) after 3 months shows bone (b) in contact with the implant. 
Undecalcified section, Giemsa, χ 105. 
69 
3.3.10 Mg-W, 3 month period 
The difference with the 6 week period is that several places showed bone in contact 
with or close to the implants (Fig. 3.9). The soft tissue peri-implant was smaller 
than with fl-TCP and Rh, poorer in resorptive cells against the implant and free of 
inflammatory reactions. 
3.4 DISCUSSION 
Resorption of all four materials was confirmed, the originally straight surfaces 
being more or less affected. The estimated resorption, number of osteoclast-like 
cells and peri-implant width, increased in the order HA, Mg-W, ß-TCP and Rh. In 
the same order the amount of bone deposition on the materials decreased. 
The given order of increasing in vivo resorption deviates from the order of 
increasing in vitro solubility, which was Mg-W, HA, ß-TCP and Rh (Driessens and 
Verbeeck, 1988). According to the histological picture, Mg-W was more resorbed 
than HA. 
The finding that Mg-W was less resorbed in vivo than ß-TCP corroborates the 
finding of Klein et al. (1986), that addition of metal oxides other than calcium 
oxides makes the materials less resorbable. 
Divergent reactions were observed with Rh and ß-TCP when taking into conside-
ration the two Rh and the two ß-TCP cylinders, originating from the resorption 
measurement study. These four implants showed intimate contact with bone after 
initial resorption of the materials had taken place. The ß-TCP cylinders, from the 
outset meant for histological evaluation showed a biotolerant reaction, being sur-
rounded by a soft tissue peri-implant. In contrast are the more bioactive reactions 
of the two ß-TCP cylinders with intimate bone contact. These favourable reactions 
are more in correspondence with the findings in other studies in which bone is 
contacting and replacing resorbing ß-TCP (Bhaskar et al.,; Cameron et al., 1977; 
Cutright et al, 1972; Winter et al., 1981; Scott Metsger et al., 1982; Busing et 
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al., 1987). The divergent reactions with Rh are surprising, especially when it is 
realized that the two Rh cylinders with intimate bone contact were inserted in an 
animal also having an Rh cylinder from the outset meant for histological evaluation 
and showing the untoward reaction as described in the results. 
Although no inflammatory reactions were observed around the strongly resorbing 
Rh cylinders, the question remains whether Rh as a rule will be well tolerated by 
host tissues. As this material is still rather unknown as a biomaterial, more infor-
mation must be gathered by further in vivo application. 
Distinction between the influence of soft tissue and of bone tissue on the resorpti-
on of the materials, as planned by leaving the implants 2 mm protruding from the 
bone surface, could hardly be made. Growth rate of the 3 month old animals was 
that high, that at the end of the 3 month period bone had nearly overgrown all im-
plants with a soft tissue layer in between. Distinct differences in histological 
reaction on the initially bone embedded part of the implant and the part that 
became surrounded by soft tissue after the operation, could therefore not be found. 
Macrophages and foreign body giant cells were not observed. Resorption of the 
investigated materials was considered to be accomplished by cells very much 
resembling osteoclasts. Similar shaped cells were sometimes found against resor-
bing old bone in Howship's lacunae. As the identity of these cells was not verified 
by electron microscopy, it was preferred to use the name "osteoclast-like cells" 
instead of osteoclasts. 
3.5 CONCLUSIONS 
1. Increasing in vivo resorption, number of osteoclast-like cells and peri-
implant width was observed in the order: HA, Mg-W, ß-TCP and Rh. 
2. Contrary to sequence of in vitro solubility, Mg-W appears to be more 
resorbed in vivo than HA. 
3. Frequent bone contact was only seen with HA. 
4. Biocompatibility. of Rh has to be assessed in follow-up studies. 
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While in this chapter the resorption rates of the calcium phosphates were estimated 
histologically, in the next chapter, chapter 4, the resorption rates of the calcium 
phosphates are quantified by measurements. 
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CHAPTER 4 
MEASUREMENTS ON IN VIVO RESORPTION OF FOUR CALCIUM 
PHOSPHATE CERAMICS 
4.1 INTRODUCTION 
During the last decades calcium phosphate ceramics have been studied intensively, 
demonstrating a favourable compatibility with host tissues. The majority of these 
ceramics is represented by hydroxylapatite (HA) and ß-tricalcium phosphate (ß-TCP), 
both being used for purposes like augmentations, bone defect filling and metallic 
implant coating. Depending on its use in vivo resorption of the ceramics may be 
desired or not and if so the ceramic has to be replaced by genuine tissue. In vivo 
resorption of HA and ß-TCP has been subject in several studies. In vivo, dense and 
porous HA are often found to be hardly or non-resorbable (Klein et al., 1983; den 
Hollander et al, 1988; Renooij et al., 1985; de Lange and Donath, 1989; Gumaer et 
al., 1986; Frame et al., 1981; Jarcho et al., 1977), while other studies report 
resorption (van Blitterswijk et al., 1985; Jänicke et al., 1988; Winter et al, 1981; 
Wagner et al., 1986). In vivo, ß-TCP is gradually resorbed, thereby being replaced 
by hard or soft tissue depending on the site of implantation (Klein et al., 1985; Eggli 
et al. ,1988; Koster and Heide, 1978; Jacobs et al., 1984; Cameron et al., 1977; Scott 
Metsger et al., 1982). Unfortunately, quantitative data on in vivo resorption of calcium 
phosphate ceramics are scarce. Knowledge about these data is desirable, for instance 
when a partially resorbable tooth root implant is to be developed as explained in the 
introduction and in chapter 3. 
In this chapter the resorption rates are measured of the four calcium phosphates that 
were studied in chapter 3 for interactions with the surrounding tissues. 
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4.2 MATERIALS AND METHODS 
As this resorption measurement study was performed in combination with the tissue 
interaction study, most of the "materials and methods" are presented in chapter 3. A 
few additions are given. 
To measure the in vivo resorption, cylinders of the calcium phosphates as used in 
chapter 3 were mounted in 10 mm wide acrylic tubes (Fig. 4.1) and sandpapered flush 
at both ends. 
Fig. 4.1 Acrylic tube containing a calcium phosphate cylinder. The metal pins inside the edge of 
the tube serve as zero reference points. 
Before implantation profile measurements were taken at both ends with a Thermo-
Mechanical Analyzer (Mettler TMA 40, Fig 4.2a), a device that is able to distinguish 
differences in height up to tenths of a micrometer. These measurements were taken 
at five points. Two metal pins inside the edges of the acrylic tubes served as zero 
reference points. The differences in height with these reference points were measured 
on three points of the calcium phosphate cylinders, two points on the border and one 
point in the middle, all in line with the zero reference points (Fig 4.2b). Each 
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measurement was repeated five times on the same profile line, which was supposed 
to be representative for the whole exposed surface. The means were calculated. 
Fig. 4.2 (A) Profile measurements are performed with a thermo-mechanical analyser 
(Mettier TMA 40). A close up of the quartz measuring probe is shown in (B). With the 
quartz measuring probe the surface of the calcium phosphate in the tube is probed on three 
points to measure the difference in height between the points and the zero reference points. 
To be able to insert the acrylic tubes containing the calcium phosphate cylinders, 10 
mm wide and 5 mm deep cavities were drilled in the forehead of the eight pigs. Again 
one end of the implants was placed in direct contact with bone at the bottom of the 
cavities, the other end protruded 2 mm from the cavities to become covered by soft 
tissue after the operation (Fig 3.1, see chapter 3). This gave the opportunity to study 
a possible difference in resorption rate by soft tissue at the upper side and bone tissue 
at the lower side. 
In this study another opportunity was offered to gain more information on the 
question of whether resorption of calcium phosphates is merely a matter of physico-
chemical dissolution by extracellular body fluids or that the presence and activity of 
tissue cells is an important factor. Therefore, in each animal two acrylic tubes contai-
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ning different calcium phosphates, were covered at the upper end with a millipore 
filter (pore diameter = 0.22 μπί) to avoid cell passage towards the calcium 
phosphates, but leaving body fluids unhindered (Fig. 3.1, chapter 3). 
After the 3 and 6 month experimental periods 28 tubes were retrieved by cleaning 
them carefully from surrounding tissue and niters. No firm fixation has been 
encountered. Post implantation profile measurements at the two surfaces of the 
cylinders inside the tubes were again performed as described above. These measure­
ments were compared with the pre-implantation profile measurements and the average 
amount of resorption obtained by calculating the mean distance between the correspon­
ding measuring points on the profile lines before and after the experimental periods 
(Fig. 4.3). The mean distance between these profile lines of all similar types of 
ceramics cylinders with identical experimental periods and the same initial tissue con­
tact (bone side, soft tissue side, filter-covered side), were again averaged to result in 
the final measure of in vivo resorption of each type of calcium phosphate within a 
certain experimental period and equal initial tissue contact. 
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Fig. 4.3. Resorption at the bone side of a rhenanite cylinder after 3 months, represented by the 
surface between the profile lines before implantation (upper lines) and after the 
experimental period (tower lines). 
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Of all 32 tubes, only 59 surfaces became available for profile measurements (Table 
4.1). 
Table 4.1 Number of surfaces of the calcium phosphates per experimental period 
and tissue side, available for profile measurements. 
Rh 
fl-TCP 
HA 
Mg-W 
Bone side 
6 
weeks 
4 
2 
4 
4 
3 
months 
2 
4 
4 
4 
Soft tissue side 
6 
weeks 
3 
2 
3 
4 
3 
months 
1 
3 
2 
2 
Filter side 
6 3 
weeks months 
1 2 
2 1 
1 2 
2 
In contrast to the previous 28 tubes, four tubes, two containing Rh (3 months) and two 
containing ß-TCP (6 weeks), appeared to have formed a tight bond with the surroun-
ding tissues at one or both sides and as a result could not be seperated from these 
tissues without causing damage to the surfaces meant for profile measurements. To 
learn the nature of this bond, after profile measurements at non-bonded sides, these 
implants were added to the tissue interaction study and without decalcification were 
embedded in polymethylmethacrylate, sawed and Giemsa stained. Evaluation was done 
by light microscopy (see chapter 3.) 
Owing to visual leakage of some filters, showing soft tissue growth underneath, a 
number of tubes containing one Rh, one ß-TCP, one HA and two Mg-W cylinder(s) 
was added to the group of tube surfaces having initial contact with soft tissue. 
79 
4.3 RESULTS 
The results are schematically given in Table 4.2 
4.3.1 Resorption at the bone side (Fig. 4.4) 
After 6 weeks the Rh, ß-TCP, HA and Mg-W surfaces showed, rounded of to the 
nearest integer, average resorption values of respectively 59, 112, 5 and 14 μηι (S.D. 
53, 37, 3, 7, respectively). After 3 months these values increased in the same order 
to 128, 165, 9 and 23 μπι (S.D. 96, 50, 3, 8). In both periods Rh and ß-TCP were 
much more resorbed than HA and Mg-W. A Student f-test showed some significant 
differences in resorption between the materials after the 3 month period (Table 4.3). 
After the 6 week period only ß-TCP showed a significant difference in relation to HA 
and Mg-W. In contrast to the sequence of progressive solubility in vitro ß-TCP 
appeared to be more resorbed than Rh and Mg-W more than HA. 
Resorption bone side 
resorpilon in um 
Hydroitylap Mo-Whltlock 
veri linei ·/- ι Hand de* 
Fig. 4.4. Resorption rates of the four calcium phosphates at the bone side after 6 weeks and 3 
months. Verfiele lines: ± ι S.D. 
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4.3.2 Resorption at the soft tissue side (Fig. 4.5) 
After 6 weeks the resorption values for Rh, ß-TCP, HA and Mg-W were 79, 122, 5 
and 44 /im ( S.D. S3, 56, 4, 39), respectively, whereas after 3 months these values 
were, in the same order, 44, 91, 10 and 53 μιη (S.D. -, 41, 6, 3). These values seem 
to indicate that except for HA .resorption after 6 weeks at the soft tissue side has been 
higher than at the bone side. However, the observed differences were not statistically 
significant. After 3 months a reversed picture was observed. While the resorption of 
HA and Mg-W had increased in comparison to the 6 week period at this side, the 
resorption of Rh and ß-TCP had decreased. In comparison to the bone side after 3 
months, only Mg-W showed a significantly higher degree of resorption. Furthermore, 
the difference in resorption between HA and Mg-W after 3 months had increased with 
regard to the difference between the two at the bone side. 
resorption in urn 
Resorption soit tissue side 
l o weets I — І З monih: J 
^-h 
Hydroxylap Mg-Whit lock 
veri Иле» '/- ι Bland d«v 
Fig. 4.5 Resorption rates of the four calcium phosphates at the soft tissue side after 6 weeks 
and 3 months. Verfiele lines: ± ι S.D. 
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4.3.3 Resorption at the soft tissue side underneath a filter (Fig. 4.6) 
In almost all cases resorption has been reduced. The resorption values after the 6 week 
period for Rh, fl-TCP and HA were 16, 28 and 7 μηη, respectively. Owing to the low 
number of observations, only the S.D. for ß-TCP was obtained, being 12. No filter-
covered Mg-W cylinder was available at the 6 week period. At the 3 month period the 
resorption values were in the order Rh, fl-TCP, HA and Mg-W: 5, 7, 6 and 12 μνη 
(S.D. for Rh, HA and Mg-W were 0, 3 and 6, respectively). As at the soft tissue side, 
a reduction in resorption of Rh and fl-TCP was observed when compared to the 6 
week period. Except for Mg-W at the 3 month period, no significant differences were 
found in relation to either the bone side or the soft tissue side at both periods. 
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Fig. 4.6 Resorption of the four calcium phosphates underneath a millipore filter after 6 weeks and 
3 months. Verfiele lines: ± 1 S.D. 
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Table 4.2 Resorption in micrometers in relation to the experimental periods and the 
initially surrounding tissues, including filter coverage. 
Rh 
ß-TCP 
HA 
Mg-W 
bone side 
6 
weeks 
59 
112 
5 
14 
3 
months 
128 
165 
9 
23 
soft tissue side 
6 
weeks 
79 
122 
5 
44 
3 
months 
44 
91 
10 
53 
below filter 
6 
weeks 
16 
28 
7 
-
3 
months 
5 
7 
6 
12 
Table 4.3 Statistical significant differences (p < 0.05) in resorption between some 
materials in relation to different situations as shown by the Student Mest. 
Calcium 
phosphate 
fl-TCP/Mg-W 
ß-TCP/HA 
ß-TCP/HA 
Rh/Mg-W 
Rh/HA 
ß-TCP/Mg-W 
ß-TCP/HA 
Mg-W/HA 
Mg-W 
Mg-W 
Exp. period 
6 weeks 
6 weeks 
6 weeks 
3 months 
3 months 
3 months 
3 months 
3 months 
3 months 
3 months 
Situation 
bone side 
bone side 
soft tissue side 
bone side 
bone side 
bone side 
bone side 
bone side 
bone side/ soft 
tissue side 
soft tissue 
side/filter side 
t 
5.03 
6.58 
3.25 
6.99 
2.85 
5.66 
6.27 
3.28 
5.13 
8.02 
d.f.' 
4 
4 
3 
4 
4 
6 
6 
6 
4 
2 
Ρ 
0.01 
0.01 
0.05 
0.01 
0.05 
0.002 
0.001 
0.02 
0.01 
0.02 
'd.f. = degrees of freedom 
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4.4 DISCUSSION 
At both bone side and soft tissue side, including filter covered implants, a similar 
sequence in progressive resorption is observed, in increasing order HA, Mg-W, Rh 
and ß-TCP. The conclusion that in vivo 25% microporous Mg-W is resorbed at a 
faster rate than 25% microporous HA is corroborated by the tissue interaction study. 
It is however not in accordance with the expectation of Driessens and Verbeeck (1988) 
that the lower in vitro solubility of Mg-W correlates with its in vivo resorption rate. 
The reason for this reverse in vivo behaviour of Mg-W may be found in several 
factors, for instance the extracellular pH, which normally is about 7.4 (Bernards and 
Bouwman, 1988). According to Driessens and Verbeeck (1988), only at a pH value 
below 6.5 would Mg-W be less soluble than precipitated HA, while above that value 
the reverse has been found (Fig. 4.7). 
log I (HA) 
-100 
-110 
-120 
8 10 pH 
Fig. 4.7 Relative position of the solubility lines of precipitated HA and sintered Mg-W in a plot of 
the negative logarithm of the ion activity product of hydroxy apatite, log I (HA) versus pH. 
The location of blood plasma is about point A. DCPD , dicalcium phosphate dihydrate; 
OCP, octacalcium phosphate. This figure is composed of solubility lines already given by 
Driessens and Verbeeck (1988). 
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Accepting that in this in vivo experiment the osteoclast-like cells are real osteoclasts, 
acid production by the osteoclasts may be expected to have lowered the extracellular 
pH value (Baron et al., 1985). As shown in the tissue interaction study, the number 
of osteoclast-like cells around the HA implants was less than around the Mg-W 
implants. The average pH value around Mg-W might have been lower than around 
HA, but still above 6.5, making HA to resorb at a slower rate than Mg-W. The 
differences in solubility between Mg-W and HA as taken over the relevant pH range 
are relatively small (Fig. 4.7) however, and might have been overruled by other 
factors of influence on calcium phosphate resorption, such as sinter conditions, density 
or pore diameter. 
Another factor which is considered to be of influence on the in vivo resorption of 
calcium phosphates is the Ca/P ratio (Klein et ai, 1985; Koster and Heide, 1978; 
Wagner et al., 1986). In this study it is shown that 10% microporous Rh with an 
initial Ca/P ratio of 1, is less resorbed than 35 % microporous ß-TCP with an initial 
Ca/P ratio of 1.5. This leads to the supposition that microporosity is of greater 
influence on calcium phosphate resorption than Ca/P ratio. In fact, the Ca/P ratio 
cannot properly serve as a standard for in vivo resorbability of calcium phosphates. 
The addition, for instance, of metal oxides other than calcium oxides in the structure 
of the calcium phosphates, decreases the Ca/P ratio but may make the material less 
resorbable, as is the case with Mg-W in the present study, and has also been 
experienced by Klein et al. (1986). 
According to the tissue interaction study, Rh is more resorbed than ß-TCP. This 
finding seems to be contradicted by the profile measurements, but the difference 
between Rh and ß-TCP was not statistically significant. On the other hand, in these 
profile measurements all three in vivo situations showed the same sequence in decrea-
sing resorption rates, Rh being less resorbed than ß-TCP, favouring the conclusion 
that Rh is less resorbable than ß-TCP. Still, such a conclusion can only be drawn with 
reserve, making further investigation on in vivo resorption of Rh necessary. 
Whether the observed resorption values will increase with time is hard to predict. As 
experienced by van Blitterswijk et al. (1985), HA resorption might decrease with time 
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because of the increasing amount of bone deposition on the implant surface, leading 
to a reduction in the number of resorptive cells in contact with the implant surface. 
This decrease in resorption might also apply for the two Rh implants originally meant 
for resorption measurements and showing intimate bone contact. No resorptive cells 
were found in these cases. Also deposition of apatite containing carbonate on calcium 
phosphate material as reported by Heughebaert et al. (1988) may influence the 
resorption values with time by making the surfaces less soluble. 
Mineral transformation of calcium phosphates in vivo has been reported recently in 
several studies (Heughebaert et al., 1988; Daculsi et al., 1989; Legeros et al., 1988; 
Orly et al., 1989). To find an explanation for the divergent reactions of the 
surrounding tissues with Rh and ß-TCP, sections of the two cylinders showing intimate 
contact with bone, were investigated by electron microprobe, X-ray diffraction and 
infrared spectrometry, in order to detect any quantitative and qualitative alteration in 
the mineral composition of the materials, which could have led to the more favourable 
tissue interactions. The results of that investigation are reported in chapter 5. 
The application of a millipore filter appears to reduce calcium phosphate resorption, 
indicating that the presence and activity of tissue cells is an important factor in calcium 
phosphate resorption. This is in agreement with the findings in other studies (Koster 
and Heide, 1978; den Hollander et al., 1988). However, resorption of HA underneath 
a millipore filter does not differ much from resorption at the bone side and the soft 
tissue side. This may be attributed to the fact that HA by itself is so scarcely 
resorbable that the influence of soft tissue cells is not well measurable. 
The number of observations for statistical analysis was rather small. Therefore hardly 
any significant difference between resorption underneath a filter, at the soft tissue side 
and at the bone side could be found (Table 4.3). In general, in this study, the results 
of a Student Mest, to distinguish between differences in resorption at the three sides 
cannot be regarded as very reliable. A low number of observations might also explain 
why Rh (one observation) and ß-TCP (three observations) at the soft tissue side after 
3 months and after this period underneath a filter (Rh two observations, ß-TCP one 
observation) show a lower resorption rate. This may be regarded as coincidental and 
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not as a result of deposition of newly formed material as reported by others 
(Heughebaert et al, 1988; Daculsi et al, 1989). Also the relatively high standard 
deviations with Rh at the bone side after 6 weeks and 3 months may be attributed to 
the low number of observations. 
For the development of a partially resorbable tooth root implant made of calcium 
phosphates, it may be necessary to vary the resorption rates. This may be done by 
modifying the factors influencing in vivo resorption of calcium phosphates (e.g. 
microporosity) and/or making composites of the calcium phosphates (Nery et al., 
1988) 
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CHAPTER 5 
5.1 INTRODUCTION 
in the last two decades many studies have been devoted to the biocompatibility of 
calcium phosphates as implant materials. The main purpose was to develop 
biocompatible and possibly osteogenic materials for the replacement or augmenta­
tion of bone tissue. Up to now only materials from the ternary system CaO-P203-
H 20 like sintered hydroxyapatite (ОНА) or the tertiary calcium phosphate (TCP, 
either the fl or the a form) have been studied, although calcium phosphates 
containing carbonate, sodium, magnesium, potassium, sulfate and/or even zinc 
might also be safe for use as implant materials (Driessens, 1983; Driessens and 
Verbeeck, 1989). 
The emphasis in implant studies with calcium phosphates has been on the implant 
quality and the histology of the surrounding bone structures. As far as the implants 
were concerned, a distinction has been made between hydroxyapatite ceramics as 
"non-resorbable" and ß-TCP as well as α-TCP as "resorbable" implants (Driskell 
et ai, 1973, Jarcho, 1981; Rabalais et ai, 1981; Jacobs et ai, 1984; Krause et 
al., 1986). Comparative studies (Krause et al., 1986; Klein et ai, 1989; de Groot, 
1985; Renooij et ai, 1985) have shown that the rate of resorption of such implants 
was as follows: 
ОНА < ß-TCP < α-TCP (1) 
It should be noted that even densely sintered single-phase ОНА is somewhat 
resorbable (Winter et al., 1981). 
Explanations of the in vivo behaviour of calcium phosphate implants have been 
formulated primarily in terms of their in vitro solubility (Newesely, 1984; Dries-
sens, 1988; Driessens and Verbeeck, 1988; Driessens, 1989) or their in vitro rela­
tive rates of dissolution (Klein et al., 1984). Fact is that the relative solubilities and 
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rates of dissolution in vitro in contact with aqueous solutions of a certain pH vary 
according to equation (1). However, it was pointed out (Driessens, 1989) that ex­
tracellular fluid is normally supersaturated with ОНА as well as ß-TCP so that 
dissolution of such implants by mere contact with body fluids can hardly be en-
visaged. Therefore, cellular activity of osteoclasts which are able to decrease the 
pH and, hence, the degree of saturation of the body fluids in their environment, is 
a necessity in order to obtain the biodégradation of these implants (Driessens, 
1989) as observed in numerous animal studies. This in part explains why calcium 
phosphate implants do not lead to pathological calcifications in soft tissues (Fischer-
Brandies et al., 1989) nor to changes in the calcium or phosphate concentrations of 
blood serum (Ferraro, 1979; Cameron et al., 1977). 
The question about possible reaction paths in the interaction between calcium 
phosphate implants and the surrounding body fluids has hardly been touched up to 
now. Driessens (1989) made clear that the reason that sintered ОНА - a real 
oxyhydroxyapatite (Verbeeck et al., 1980a) - which has a very high solubility, 
resorbs at a lower rate than ß-TCP, can only be understood as being due to a 
transformation of its surface layer. Such a transformation occurs in vitro when 
sintered ОНА is dispersed in diluted phosphoric acid solutions. Thereby a surface 
layer with the probable composition 
Ca^HPOJiPO^OH (2) 
is formed (Verbeeck et al., 1980b). Recently, it has been shown that in vivo and in 
tissue culture crystals grow on ОНА implants of a carbonated apatitic mineral 
(Orly et al., 1989), which confirms the earlier hypothesis (Driessens, 1989). 
The purpose of the present study was to investigate the chemical composition and 
the crystal structure of the retrieved implants made of several synthetic calcium 
phosphate ceramics. Table 5.1 gives a compilation of their chemical composition 
and crystal structure before implantation. 
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Table S. 1 Calcium phosphates used for implantation. 
Abbreviation Formula Crystal structure Porosity (%) 
ОНА СаюіРСЩОН), apatite 25 
ß-TCP CajiPO^ whiüocUte 35 
rhenanite CaNaPO, β-rhenanite IO 
Sintered ОНА was included in the study as a reference material. About ß-TCP it is 
known that it dissolves congruently in diluted phosphoric acid without the transfor-
mation of the surface layer (Gregory et al., 1974; Verbeeck et al., 1986). Renooij 
et al. (1985) hypothesized that ß-TCP is transformed into an apatite upon implan-
tation. They observed a loss of 25 to 30% of their strontium-85 marker within 22 
weeks, which seemed somewhat higher than the actual histological resorption rate. 
They proved that the biodégradation of TCP was cell mediated. The only thing 
known about rhenanite (Rh) is that it has a relatively high rate of dissolution in 
water even around pH 7. That is the reason why it has been advocated as a 
fertilizer. 
5.2 MATERIALS AND METHODS 
Sintered ОНА as well as ß-TCP were formed by making appropriate mixtures of 
CaCOj (Merck, 2066) and CaHP04 (Baker, 0080) and pressing in a cylindrical 
mold. Heating of the cylinder of ОНА was carried out slowly up to 1300°C and 
kept there during 16 hrs under a stream of air. For TCP heating was carried out at 
1150°C during 1 week under a stream of air. For Rh additionally NaHC03 (Merck, 
6329) was used and heating was carried out at 1300°C during 16 hrs under a 
stream of air. The ceramics were cooled slowly in the furnace down to room temp­
erature. X-ray diffraction of the products proved that they were single phase, 
whereas microprobe analysis showed them to have the correct Ca/P ratio. 
Cylinders of these materials were implanted in the forehead of domestic pigs (Sus 
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scrofa), as described in a previously published paper (Ramselaar et al., 1991). Im-
plants together with the surrounding bone were retrieved after either 6 weeks or 12 
weeks. Two Rh and two ß-TCP implants originally meant for resorption meas-
urements could not be separated from the surrounding tissues without causing 
damage to the implant surfaces. Therefore, histological sections with a thickness of 
40 μηι were prepared from these four implants in coherence with the surrounding 
bone (Table 5.2, 5.3, 5.4: Rh section nrs. 88016/88017, ß-TCP section nrs. 
88014/88015). Histological evaluation of these sections has been reported elsewhe-
re (Ramselaar et al., 1991). In this study X-ray diffraction with CuKa radiation 
and Ni filter (Philips X-ray diffractometer) and analysis with a Camebax electron 
microprobe type MBI (Cameca, Paris, France) operated at 20 kV and 3 nA beam 
current have been carried out on some of the sections. Also some of the material 
was scraped off for taking an infrared spectrum in KBr tablets (Perkin Elmer type 
457) in order to detect whether it contained carbonate. 
Three other retrieved Rh cylinders (sample nrs. I, IV and V in Table 5.2) and one 
ОНА cylinder ( sample nr. Ill in Table 5.2), at which resorption measurements 
have been done before (Ramselaar et al., 1991), were additionally taken for X-ray 
diffraction analyses. 
For comparison with the in vivo implantation experiments an in vitro test was also 
carried out in which samples of Rh were immersed in saline solutions (0.9% NaCl) 
adjusted to either pH 8, 7 or 6. 
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Table 5.2 Crystal structure of implanted and retrieved calcium phosphates, 
w = weeks 
Implant Sample Implanted Period of Retrieved Remarks 
structure implantation structure 
CaNaPO, I B-rhenanite 6 w 
ОНА III apatite 12 w 
CaNaPO« Г B-rhenanite 6w 
CaNaPO« V ß-rhenanite 12 w 
B-TCP 88014 whitlockite 6 w 
ß-TCP 88015 whitlockite 6 w 
CaNaPO, 88016 B-rhenanite 12 w 
CaNaP04 88017 B-rhenanite 12 w 
ОНА 87069 apatite 12 w 
apatite 
apatite 
apatite 
apatite 
whitlockite 
whitlockite 
apatite 
apatite 
apatite 
resorption 
slight 
resorption 
resorption 
resorption 
some 
resorption 
some 
resorption 
resorption, 
bone ongrowth 
resorption, 
bone ongrowth 
slight 
resorption 
Table 5.3 Quantitative composition (atom %) at some spots in two sections 
retrieved from rhenanite implants. 
Spot" 
6 
5 
4 
3 
2 
8 
9 
Position 
bone ongrowth 
bone ongrowth 
interface* 
interface" 
interface* 
middle of implant 
middle of implant 
Na 
0.15 
0.51 
1.59 
2.15 
1.71 
3.30 
1.83 
Mg 
0.17 
0.25 
0.07 
0.08 
0.08 
0.00 
0.00 
Ρ 
2.30 
4.11 
10.22 
11.44 
7.51 
12.33 
10.81 
Ca 
2.76 
4.94 
14.34 
16.32 
10.03 
17.70 
16.39 
Ca/P 
1.20 
1.20 
1.40 
1.43 
1.34 
1.44 
1.52 
5 
3 
9 
1 
2 
7 
6 
8 
bone ongrowth 
bone ongrowth 
interface* 
interface* 
interface* 
middle of implant 
middle of implant 
middle of implant 
0.82 
0.56 
2.20 
0.30 
2.11 
1.47 
1.24 
1.85 
0.57 
0.33 
0.00 
0.24 
0.09 
0.08 
0.00 
0.00 
4.60 
6.42 
9.37 
5.69 
8.53 
5.99 
9.08 
9.13 
5.13 
9.32 
13.21 
7.65 
11.71 
9.18 
14.04 
13.44 
1.12 
1.45 
1.41 
1.34 
1.37 
1.53 
1.55 
1.47 
* At the side of the bone ongrowth 
** The measuring time was 1 minute 
Table 5.4 Quantitative composition (atom %) at some spots in two sections retrieved 
from fl-TCP implants. 
Spot 
5 
6 
1 
2 
3 
7 
8 
Position 
bone ongrowth 
bone ongrowth 
interface* 
interface" 
interface* 
middle of implant 
middle of implant 
Na 
0.00 
0.14 
0.20 
0.36 
0.35 
0.27 
0.48 
Mg 
0.00 
0.04 
0.00 
0.00 
0.00 
0.00 
0.00 
Ρ 
1.09 
0.87 
6.94 
6.05 
6.76 
7.22 
10.25 
Ca 
1.38 
1.08 
10.50 
9.41 
11.39 
10.25 
14.62 
Ca/P 
1.27 
1.24 
1.51 
1.56 
1.68 
1.42 
1.43 
4 
3 
6 
2 
1 
5 
bone ongrowth 
bone ongrowth 
interface* 
interface* 
interface' 
middle of implant 
0.00 
0.12 
0.00 
0.00 
0.33 
0.20 
0.00 
0.11 
0.08 
0.06 
0.13 
0.00 
1.28 
2.04 
7.34 
7.94 
8.82 
7.51 
1.47 
2.56 
12.21 
11.94 
12.90 
11.39 
1.15 
1.25 
1.64 
1.50 
1.46 
1.52 
' At the side of the implant 
5.3 RESULTS AND DISCUSSION 
In Table 5.2 the results of X-ray diffraction studies before implantation and after 
retrieval are shown. It appears that ОНА and ß-TCP implants maintained their 
crystal structure during the implantation period. However, Rh was completely 
transformed into an apatite within 6 weeks of implantation (Table 5.2; Fig. 5.1). 
«-MY DimUCTIM РЛПЕИМ 
sintered rhenanite particles 
diffraction angle (o) 
35 
Fig. 5. 1 X-ray diffraction pattern (b) represents an X-ray diffractogram of rhenanite sample V, 3 
months after implantation. Compared with (a), rhenanite before implantation, the peak 
positions are more in agreement with those of (c), sintered hydroxylapatite. 
This is corroborated by the quantitative analysis with the electron microprobe as 
shown in Table 5.3. Rh seemed to have lost most of its sodium and either to have 
gained calcium or to have lost phosphate as well. The final Ca/P ratio came close 
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to 1.5 (Ca/P = 1.50 ± 0.05) and the crystal structure was undoubtedly that of 
apatite. The resolution of the X-ray diffraction pattern was distinctly better than 
that of natural bone mineral and somewhat poorer than that of dental enamel when 
scanned under the same operational conditions. In the middle of the Rh implant it 
appeared also to be better than at the interface with the bone ongrowth. The peak 
positions in the X-ray diffraction pattern of the Rh implant resembled closely those 
of the apatite in dental enamel. The infrared spectrum of the retrieved Rh implant 
showed the presence of carbonate (Fig. 5.2). 
4000 3000 2000 1500 1000 500 
— wavenumber (cm"1) 
4000 3000 2000 1500 1000 500 
— wavenuiròer (cm~1) 
Fig. 5.2 An infrared spectrum showing that rhenanite before implantation (a) does not 
contain carbonate and (b) infrared spectrum of rhenanite sample V, 3 months 
after implantation, showing the presence of carbonate. 
The carbonate content was high at the periphery of the implant and decreased at the 
center. As followed from infrared spectra of successive scrapings, it rose in that 
center with the time of implantation. Hence, Rh was transformed into a sodium and 
carbonate containing apatite upon implantation. Not only resorption of the implant 
occurred (Ramselaar et al., 1991), it was even preceeded by a relatively quick 
transformation of the implant into apatite which was complete within 6 weeks. 
Later on the carbonate content of that apatite increased. 
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Around the Rh implant, about 20 μιη from the interface with the bone ongrowth 
(Table 5.3), the bone mineral contained some sodium and magnesium and had a 
Ca/P ratio of 1.38 ±. 0.04. This is characteristic for young bone (Driessens and 
Verbeeck, 1989). At a much larger distance from the implant in the bone ongrowth 
also sodium and magnesium occurred but the Ca/P ratio was even somewhat lower 
at levels at 1.25 ±, 0.12. This is characteristic for the precursor mineral in newly 
formed bone (Driessens et al., 1987a, 1987b; Driessens and Verbeeck, 1986). 
Hence, these data indicate that the bone ongrowth on the implant started, at least 
partially, from the surface of the implant. For this reason Rh may be called an 
osteoconductive biomaterial. The Ca/P ratio of the Rh before implantation was 
1.00 ± 0 . 0 1 . 
As far as the ß-TCP implants are concerned, they showed some resorption 
(Ramselaar et al., 1991) and for the rest maintained their crystal structure (Table 
5.2) but the electron microprobe analysis showed that the mineral had lost some 
calcium but gained some sodium upon implantation (Table 5.4). This is conceivable 
in light of the fact that both ß-Ca3(P04)2 and Ca10Na(PO4)7 have the whitlockite 
structure and form a continuous series of solid solutions (Schaeken et al., 1983). 
This was further corroborated by the fact that the retrieved implant did not contain 
carbonate according to its infrared spectrum. 
Around the ß-TCP implants the composition of mineral at the interface with the 
bone ongrowth and also that within the bone ongrowth at a certain distance from 
the implant showed the same pattern (Table 5.4) as around Rh implants (Table 
5.3). For the same reasons ß-TCP might also be called an osteoconductive biomate-
rial. 
The complete transformation of Rh into apatite upon implantation is of particular 
interest. Similarly, the transformation of natural aragonites into apatite was 
reported upon implantation (Guillemin et al. 1989), whereas Oohnishi et al. (1989) 
reported that the ß-TCP particles of a calcium phosphate cement also transformed 
into an apatite upon implantation. In this study, we have attempted to transform Rh 
in vitro into an apatite by submersion in an aqueous solution resembling the 
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inorganic composition of extracellular fluid. We did not succeed in this transforma­
tion when the pH was around 8. However, when the pH was decreased to a value 
around 6 by bubbling C0 2 through the aqueous solution, we succeeded to transform 
Rh into an apatite in vitro. This might indicate that cellular activity and C 0 2 pro­
duction by the living cells locally activate the transformation of Rh into apatite in 
vivo. The above mentioned transformation of calcium phosphates upon implantation 
show a certain pattern which depends on the position of their solubility isotherms in 
a logarithmic plot of their solubility product as function of pH (Fig. 5.3). The 
usefulness of such plots has been illustrated extensively elsewhere (Driessens and 
Verbeeck, 1990). The pattern of reaction in vivo appears to be so that those calci­
um phosphates having a solubility higher than that of DCPD, OCP or calcite are 
transformed into an apatite resembling bone minerals, whereas those with a solubi­
lity lower than that of dicalcium phosphate dihydrate (DCPD), octacalcium 
phosphate (OCP) or calcite retain their crystal structure after implantation. 
log I (HA) 
-100 
-110 
-120 
Rhenanite ' /DCPD te\ \ Aragon i t 
9 10 pH 
Fig. 5.3 Solubility product diagram in which the negative logarithm of the solubility product of 
hydroxyapatite log I(HA) is plotted as a function of pH. The solubility lines for 
DCPD, OCP, calcite, B-TCP and magnesium whitlockite have been given as well as 
the tentative solubility lines for Rh, α-TCP and aragonite. 
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X-ray diffraction, electron microprobe analysis and infrared spectroscopy were 
used to evaluate the changes occurring in, on and around calcium phosphate 
implants. Furthermore, application of knowledge about the dynamics of bone 
mineral in vertebrates (Driessens et al., 1986, 1987a, 1987b) was used to make 
conclusions about the osteoinductive potential of such implants. In the present 
study it was found that Rh is transformed into an apatite within 6 weeks after 
implantation and that both B-TCP and Rh may be called osteoinductive bioma-
terials. 
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CHAPTER 6 
IN VIVO REACTIONS TO PARTICULATE RHENANITE AND 
PARTICULATE HYDROXYLAPATTTE AFTER IMPLANTATION 
IN TOOTH SOCKETS 
6.1 INTRODUCTION 
In previous studies on calcium phosphate resorption and transformation (Ramselaar 
et al., 1991; Driessens et al., 1992) divergent reactions to rhenanite (CaNaPOJ 
were observed when implanted in the forehead of domestic pigs (Sus scrofa) for 
periods of 6 weeks and 3 months. Most rhenanite (Rh) implants were surrounded 
by a wide soft tissue peri-implant containing a large number of osteoclast-like cells 
strongly resorbing the implants. In contrast two Rh implants revealed intimate 
contact with bone after some initial resorption at the surface had taken place. This 
resorption had obviously stopped as no resorptive cells were found. Electron probe 
X-ray microanalysis (EPXMA) showed that the chemical composition of the two 
Rh implants had changed, and according to X-ray diffraction (XRD) the crystal 
structure had turned into an apatite. To gain more information on the in vivo 
behaviour of this still rather unknown Rh as a biomaterial, another in vivo experi-
ment was carried out in which the reactions to Rh were compared with the reacti-
ons to hydroxylapatite (HA). Changes in the chemical composition and crystal 
structure of Rh were again evaluated. 
6.2 MATERIALS AND METHODS 
Blocks of Rh were formed by making mixtures of NaHC03 (Merck 6329) and 
CaHP04 (Baker 0080) and pressing in a cylindrical mold. Sintering was carried out 
at 1300°C for 16 h under a stream of air, followed by slow cooling to room tempe-
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rature. This resulted in the formation of about 20 vol. % microporous Rh, pore 
size 4.4 ± 2.2 /xm, measured by electron microscope during EPXMA. HA was 
formed by making a slurry of Ca$(P04)3, H20 and 30% H 20 2 which was heated 
overnight at 100°C and sintered at 1300°C. The resulting HA contained 50 vol. % 
pores. Pore size of HA was not measured as no EPXMA was performed on HA. 
The blocks of Rh and HA were crushed and sieved to obtain 0.5-0.7 mm sized 
particles. To create sufficient space for bone growth between the particles, 40% 
w/w Rh or HA particles were mixed with gelatin. 
Gelatin was prepared by dissolving 1.00 g calf skin 225 Bloom gelatin (Aldrich) in 
20 ml of water and sterilized by passing the solution through a millipore filter 
(pore φ 0.2 μπι). Stability at body temperature was achieved by a cross-linking 
procedure (Gunasekaran et al., 1988) comprising storage in 5% DIC (1.6 di-isocy-
anatohexane 98%, Aurich Chemie, Germany) in 100% ethyl alcohol for 24 h. 
Washing out of the DIC was done with alcohols of decreasing percentage during 72 
h, followed by washing with sterile physiological saline. A pH value of 7 was esta­
blished by storage in 0.1 mol phosphate buffer for 48 h. Biocompatibility was 
demonstrated by the in vitro growth of human fibroblasts on samples of the 
stabilized gelatin in a medium as used by Wijnbergen - Buijen van Weelderen et al. 
(1982). 
The fresh extraction sockets of the fourth premolars and the first molars at both 
sides of the lower jaws of six beagle dogs served as implantation sites. The dogs 
were divided into two groups of three dogs, with experimental periods of 3 and 6 
months. As the in vivo reactions to Rh were still unpredictable and these reactions 
might infuence the reactions to HA, the implant material containing Rh was kept 
separated from the material containing HA. In each group therefore, all eight 
extraction sockets in one dog were filled with Rh in gelatin and in another dog with 
HA in gelatin. Still, to be able to compare the reactions to the two different 
implant materials in one dog, in each group the two molar sockets at one side of 
the third dog were filled with Rh in gelatin and with HA in gelatin in the two 
molar sockets at the other side. 
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In this third dog also the effectiveness of the spacing between the particles by the 
gelatin was comparatively studied by filling the two premolar sockets at one side of 
the lower jaw with Rh particles mixed with a drop of saline and at the other side 
with HA particles mixed with saline. No unimplanted contol sockets were kept. 
The distribution of the different materials is given in Table 6.1. 
Table 6.1 Distribution of the type of implant materials over the extraction 
sockets per animal and per experimental period, gel. = gelatin, 
sal. = saline, m = months 
dog 
nr. 
1 
2 
3 
4 
5 
6 
exp. 
per. 
3m 
3 m 
3m 
6 m 
6 m 
6 m 
sockets left: 
2 molar 2 premolar 
Rh + gel. 
HA + gel. 
Rh + gel. 
Rh + gel. 
HA + gel. 
Rh + gel. 
Rh + gel. 
HA + gel. 
Rh + sal. 
Rh + gel. 
HA + gel. 
Rh + sal. 
sockets right: 
2 premolar 2 molar 
Rh + gel. 
HA + gel. 
HA + sal. 
Rh + gel. 
HA + gel. 
HA + sal. 
Rh + gel. 
HA + gel. 
HA + gel. 
Rh + gel. 
HA + gel. 
HA + gel. 
The sockets were filled with the sterile materials to a level maximally 2 mm below 
the crest to facilitate bone growth over the implants. The extraction wounds were 
completely closed by mobilizing and suturing a mucosal flap. X-rays of the implant 
sites were taken immediately after the operation and every month thereafter. Intra-
oral inspections were done at the same time and more frequently during the healing 
period. At the time of sacrifice perfusion fixation was carried out using physiologi-
cal saline followed by neutral 4% formaldehyde solution. Blocks of tissue contai-
ning the implants were embedded in PMMA, sawn to 50-itm-thick undecalcified 
sections which were Giemsa stained. During histological evaluation by light mi-
croscopy the differences in rate of bone growth between the particles, bone deposi-
tion on the particles and resorption of the particles were of special interest. 
To support the histological evaluation on bone deposition on the particles, histo-
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morphometry was performed on sections of a 6 month animal (dog nr. 6, Table 
6.1). This animal contained all types of implant material and also the only socket 
where the Rh particles in saline appeared to be unclotted (see 6.3.2) and allowing 
tissue growth between the particles. Of each implant one representative section was 
drawn using an inverted microscope. The particles on the drawings were traced and 
measured with a computerized tablet digitizer (Hitachi, model HDG 111 IB), which 
discriminated the distance over which the particles had either bone or soft tissue 
contact. Simultaneously the surface areas of the individual particles were calcula­
ted. To study any reduction in particle size upon implantation, socket-size holes 
were prepared in self-curing polymethylmethacrylate and filled with Rh and HA 
particles in gelatin or saline. Sections were prepared followed by similar measure­
ments of the surface areas. These areas were statistically compared with the surface 
areas upon implantation. 
The following statistical tests were performed two-sidedly: 
- the Mann and Whitney U-test (Wilcoxon's two-sample test); 
- a combination test based on the combination of Mann and Whitney statistics for 
a number of pairs of experimental groups. 
Reproducibility of the technique of tracing and measuring was checked by repeating 
the tracings and measurements of the first 40 particles at the end of the series, 
using the Wilcoxon ranked sign test. 
Possible changes in the chemical composition and the crystal structure of Rh were 
studied by quantitatively and qualitatively analyzing particles in histological sections 
at 3 and 6 months by EPXMA (Camebax MB-1, operating at 20 kV and 3 nA 
beam current, measuring time 2 minutes), XRD (Philips X-ray diffractometer, Cu 
Κα radiation and Ni filter) and infrared spectroscopy (IR) in KBr tablets (Perkin 
Elmer type 457). X-ray spectra were also recorded of surrounding bone and unim-
planted Rh. As in the previous study no changes were found by XRD in the crystal 
structure of the applied HA, no XRD, IR and EPXMA were done on HA. 
Submandibular lymph nodes were excised and undecalcified sections were exami­
ned for the presence of calcium phosphates by light microscopy, unstained and 
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after alizarin staining, XRD and EPXMA. 
6.3 RESULTS 
6.3.1 Intra-oral inspections and X-ray photographs 
Four sockets lost their contents completely: two containing Rh with saline within 1 
week and 2 months (dog nr. 3 and 6, Table 6.1); one containing Rh and one con-
taining HA, both in gelatin within 1 week (dog nr. 1 and 2, Table 6.1) 
6.3.2 Histological evaluation 
At a rough estimate, 27% of the sockets appeared to have lost 25% or more of the 
particles, leaving an open space in the socket adjacent to the still concentrated 
retained particles, that were sufficiently present for investigation. No difference in 
particle loss was estimated between sockets containing either Rh or HA. 
In most sockets after 3 months the space between the Rh and HA particles applied 
in gelatin was filled with a well vascularized connective tissue but predominantly 
with woven bone. At many places HA particles and to an estimated larger degree 
Rh particles, showed intimate contact with this newly formed bone. More Rh 
particles than HA particles were completely and directly surrounded by bone (Figs. 
6.1 A and B). No inflammatory reactions were met. The Rh particles had a less 
sharply edged, more rounded appearance than the HA particles. In general no re-
sorptive cells were found. Occasionally an osteoclast-like cell was found at HA or 
Rh particles surrounded by connective tissue and positioned at or above the level of 
the alveolar crest. 
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Fig. 6.1 After 3 months many Rh particles (A) are completely surrounded by bone and are 
showing a more rounded appearance. The HA particles (B) do have bone contact but 
less completely. Undecalcified sections, Giemsa, χ 42.2. 
In those cases where at places in the socket no particles happened to be present, 
new bone was hardly formed. When however, only a few Rh or HA particles were 
present, bone was growing in between and was found in contact with the particles 
(Fig. 6.2). Marrow spaces were filled with fatty tissue and osteoblasts were found 
against newly formed bone. 
114 
Fig. 6.2 Where Rh particles are present new bone is formed around the particles. It is noticed 
that little trabecular bone is formed at those places where no particles are present in the 
socket, a = alveolar wall; s = socket space without particles; b = bone growth 
between the particles. Undecalcified section, Giemsa, χ 10.5. 
Contrary to HA particles, in this period Rh particles in saline (one socket) appea­
red to clot to a dense mass (Fig. 6.3) and although the original contours of the 
particles were still discernable, no space was left for tissue ingrowth. Only at the 
border of this agglomerate bony contact was found. The HA particles in saline (two 
sockets) showed more spacing, though less when mixed with gelatin. 
After 6 months an identical picture was observed. Only now the newly formed 
bone had matured more. Bony contact with the particles had increased and more 
particles, especially Rh particles, were completely incorporated in bone. The one 
socket left in this period containing Rh in saline showed no dense clotting, as was 
observed in the 3 month period. Space between the particles allowed ingrowth of 
bone. 
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Fig. 6.3 Clotting of Rh particles in saline. The separate particles are discernable but no space is 
left for bone growth between the particles. Undecalcified section, Giemsa, χ 26.4. 
6.3.3 Histomorphometry of bone deposition 
The results of checking the reproducibility of the technique of tracing and measu­
ring and of comparing bone deposition on the particles are given in Table 6.2. 
The mean percentages of bone deposition on the particles in each type of implant 
were: 
Rh in saline in one premolar socket: 53.9%, s.e.m. = 5.6; 
Rh in gelatin in molar sockets: 75.3%, s.e.m. = 3.6; 
HA in saline in premolar sockets: 29.0%, s.e.m. = 4.2; 
HA in gelatin in molar sockets: 38.5%, s.e.m. = 3.3. 
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Table 6.2 Statistics of bone deposition on Rh or HA particles in gelatin or 
saline. W = Wilcoxon's ranked sign test, MW = Mann and 
Whitney U-test, gel. = gelatin, sal. = saline. 
Line 
1 
2 
3 
4 
5 
6 
Subject of test 
Reproducibility of 
tracing and measuring 
Rh in gel. vs. 
Rh in sal. 
HA in gel. vs. 
HA in sal. 
Combination of 
2 and 3 
Rh in sal. vs. 
HA in sal. 
Rh in gel. vs. 
HA in gel. 
Kind of 
test 
W 
MW 
MW 
MW 
MW 
MW 
Number of 
particles 
40 
61/17 
71/29 
132/46 
17/29 
61/71 
p-value 
0.31 
0.016 
gel. > sal. 
0.099 
gel. > sal. 
0.0035 
gel. > sal. 
0.001 
Rh > HA 
< 0.001 
Rh > HA 
6.3.4 Histomorphometry of partiele resorption 
The results of checking the reproducibility of tracing and measuring the surface 
area of the particles and of comparing the in vitro and in vivo applied implant 
materials are given in Table 6.3. 
Table 6.3 Statistics of resorption of Rh and HA particles in gelatin or 
saline. MW = Mann and Whitney U-test, W = Wilcoxon's 
ranked sign test, gel. = gelatin, sal. = saline. 
Line 
1 
2 
3 
4 
5 
6 
7 
Subject of test 
Reproducibility of 
tracing and measuring 
Rh in sal. vs. Rh in 
gel., both in vitro 
HA in sal. vs. HA in 
gel., both in vitro 
Rh pool in vitro vs. 
Rh in sal. in vivo 
Rh pool in vitro vs. 
Rh in gel. in vivo 
HA pool in vitro vs. 
HA in sal. in vivo 
HA pool in vitro vs. 
HA in gel. in vivo 
Kind of 
test 
W 
MW 
MW 
MW 
MW 
MW 
MW 
Number of 
particles 
40 
12/36 
16/5 
4g/17 
48/61 
21/29 
21/72 
p-value 
0.26 
0.91 
0.94 
0.368 
0.395 
0.221 
0.401 
6.3.5 Electron probe X-ray microanalyses 
EPXMA of two unimplanted Rh particles resulted in a mean Ca/P ratio of 1.01 
(Table 6.S) and absence of Mg (Table 6.6). The Na content approximated closely 
that of Ca and P. Three and 6 months upon implantation the Ca/P ratio has risen to 
about 1.30. Table 6.6 as an example of Rh in gelatin, reveals that after 3 months 
Rh had taken up some Mg, which was also observed in the newly formed bone 
deposited on the particles. The Na content compared to the unimplanted particles 
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and in relation to the Ca and Ρ content had dropped drastically. As uptake of Mg 
and drop of Na content was observed with all other 3 and 6 month Rh implants, 
Table 6.6 can be regarded as representative. 
Paired t-tests showed no significant differences in Ca/P ratio between centre and 
border of the particles, between bone deposited on the particles and bone further 
away, between Rh in gelatin and Rh with saline, and between 3 and 6 month parti­
cles. 
Table 6.4 Mean Ca/P ratio's as measured by EPXMA of unimplanted Rh particles and 
implanted Rh particles at the centre and at the border against bone ongrowth; 
Ca/P ratio of ongrown bone; Ca/P ratio of newly formed bone further away 
from the particles, χ = mean Ca/P, s.d. = standard deviation, η = number of 
particles. The figure between (..) is the total number of X-ray spectra recorded in 
each series. 
Ca/P ratio 
centre particles 
border particles 
bone ongrowth 
bone ingrowth 
alveolar bone 
2 particles 
unimplanted 
χ s.d. η 
1.01 0.09 2 (10) 
3 months 
3 implants from 
1 dog 
χ s.d. 
1.29 0.04 
1.31 0.05 
1.32 0.08 
1.31 0.04 
1.33 0.06 
η 
5 (5) 
5 (5) 
(4) 
(3) 
(3) 
6 months 
3 implants from 2 
dogs 
χ s.d. 
1.30 0.04 
1.31 0.03 
1.32 0.04 
1.26 0.11 
1.39 0.04 
η 
6 (17) 
6 (16) 
(7) 
(6) 
(3) 
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Table 6.5 Composition (atom %) of one unimplanted Rh particle 
measured by quantitative analysis of X-ray spectra 
recorded at different spots 
Spot 
1 
2 
3 
4 
5 
Na 
13.39 
20.29 
14.13 
5.48 
15.02 
Mg 
0.00 
0.00 
0.00 
0.00 
0.00 
Ca 
10.56 
14.06 
11.11 
9.13 
12.21 
Ρ 
11.00 
15.60 
12.00 
7.57 
12.27 
Ca/P 
0.96 
0.90 
0.93 
1.21 
1.00 
Table 6.6 Quantitative composition (atom%) at some spots in a 
section of Rh particles in gelatin after 3 months of 
implantation. 
Spot 
1 
2 
3 
4 
5 
6 
7 
Position 
Centre particle 1 
Border particle 2 
Bone between 2 
particles 
Centre particle 2 
Border particle 2 
Bone ongrowth 
Bone alveolar wall 
Na 
2.41 
1.36 
0.71 
3.14 
3.00 
0.65 
1.34 
Mg 
0.00 
0.37 
0.24 
0.23 
0.47 
0.48 
0.47 
Ca 
22.19 
19.86 
14.13 
25.72 
31.62 
22.75 
27.07 
Ρ 
17.37 
15.33 
11.25 
20.27 
24.37 
16.46 
19.34 
Ca/P 
1.28 
1.30 
1.26 
1.27 
1.30 
1.38 
1.40 
б.З.б X-ray diffraction 
Rh particles in eight sections from the 3 month period showed a more or less 
advanced transformation into the apatite structure. XRD patterns of particles in 
seven sections from the 6 month period showed that peak positions were similar to 
those of hydroxylapatite (Fig. 6.4). 
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Fig. 6.4 XRD patterns of Rh before implantation (above), Rh 6 months upon implantation 
(middle) and sintered HA (bottom). Peak position of the middle pattern shows more 
similarity with that of sintered HA than with Rh before implantation. 
6.3.7 Infrared spectroscopy 
To make a tablet for IR spectro-analysis Rh material was scraped with a small 
dental excavator from retrieved 6 month and PMMA embedded particles. Care was 
taken not to include surrounding bone. The IR spectrogram (Fig. 6.5) showed this 
Rh to contain carbonate that substituted the P042' ions, because the carbonate was 
only of the B-type. 
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Fig. 6.5 IR pattern of Rh before implantation (above) and Rh б months upon implantation 
(bottom). The original Rh material now contains carbonate. 
6.3.8 Lymph nodes 
Light microscopy gave reason to believe that clusters of calcium phosphate grains 
were widely present (Fig. 6.6). Tiny black to brown/yellowish grains were 
commonly found in the tissue and cells as well. The nature of these grains was 
studied by several other techniques. Alizarine staining on calcium gave negative re­
sults. XRD and an average of 24 spectra by EPXMA in preselected areas in each 
of three sections where the grains were seen, did not demonstrate calcium phospha­
tes. Instead more S and Ρ was found, more characteristic for organic tissue, and 
sometimes traces of Si, Fe, Al and К. A control dog however, used for other than 
implantation purposes, appeared to contain similar grains in excised submandibular 
lymph nodes. 
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Figure 6.6 Lymph node tissue by light microscopy was thought to contain clusters (black) of 
calcium phosphates. The applied techniques however, to prove that the observed 
clusters (black) were really calcium phosphates, did not detect calcium phosphate. 
Undecalcified section, Giemsa, χ 66. 
6.4 DISCUSSION 
In this study resorption of Rh was not found whereas in the previous study 
(Ramselaar et al., 1991) resorption of most Rh implants was measured and 
histologically confirmed. The difference in Rh resorption between the two studies 
may be caused by factors mentioned by LeGeros et al. (1988), such as the use of 
different kinds of animals of different ages, different implant sites and differences 
in porosity and shape of the Rh implant materials. The Rh particles upon implanta-
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tion showed a more rounded shape than the HA particles. This obviously arose 
from wear during sieving as Rh is less wear resistant than HA and not from 
resorption. Histological sections from in vitro filled artificial sockets showed a 
similar shape. Furthermore no resorptive cells were found in the in vivo sections 
and none of the applied techniques could demonstrate calcium phosphates in lymph 
node tissue. Histomorphometry gave no reason to believe that Rh or HA particles 
had undergone resorption during their 6 month in vivo stay. 
In relation to porosity and shape it is hypothesized that the observed transforma-
tion of Rh into an apatite as reported in the previous study (Driessens et al., 1992) 
and confirmed by this study, will come about more rapidly with 0.5-0.7 mm sized, 
20% microporous Rh particles than with 5 mm wide, 10% microporous, solid Rh 
cylinders. By this rapid transformation, bioresorbability of the original Rh particles 
may be strongly reduced. Moreover, as Rh turned into an apatite containing 
carbonate, Na and Mg, it is more in correspondence with the chemical composition 
of bone mineral (LeGeros et al., 1988; Driessens and Verbeeck, 1988; Rey, 1990) 
than HA is often said to be. The transformed Rh particles may be recognized by 
the host as a more familiar material, which may account for the significantly higher 
rate of bone deposition when compared to HA. As a difference in Ca/P ratio 
between the 3 and 6 month periods was not found, transformation of Rh must have 
come about within 3 months and according to the previous study by Driessens et 
al. (1992) even within 6 weeks. A follow up study using shorter experimental 
periods may give evidence to this hypothetical explanation and may reveal an even 
shorter period of transformation. 
As no significant difference in Ca/P ratio between centre and border of the 
sectioned Rh particles was found and both spots showed uptake of Mg (Table 6.6), 
it can be concluded that transformation of the Rh particles is through and through. 
XRD, showing apatite structures, may corroborate this conclusion. This suggests 
that the original Rh material is fully replaced by a biological apatite. The dynamics 
of this transformation process are not yet clear, but in situ replacement is conceiva-
ble. 
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The difference between the use of gelatin and saline is that Rh particles moistened 
with saline, in contrast to HA particles, tended to clot to a dense mass. Only in one 
socket from the 6 month period enough space was kept between the Rh particles to 
allow ingrowth of bone. In literature sufficient space is considered important to 
make ingrowth of bone possible at an early stage (Daculsi and Passu ti, 1990) and 
to allow the development of a normal spongeous bone structure with marrow 
spaces (Jarcho, 1981; Katthagen and Mittelmeier, 1986). 
Rh in the form as used in this study distinguished itself from HA in the form as 
used in this study. The difference in amount of bone deposition between Rh and 
HA particles, as was observed during the histological evaluation, was histomorpho-
metrically measured. Although microscopically no difference in amount of bone 
deposition was estimated to exist either between the Rh particles in dog 4 and 6 or 
between the HA particles in dog 5 and 6, possible animal differences were 
excluded by taking the histomorphometrical measurements in only one dog, the dog 
that contained all types of implant materials (nr. 6, Table 6.1). In that dog signifi-
cantly more bone was found to be deposited on Rh particles and more Rh particles 
than HA particles were completely incorporated in the newly formed bone. This 
means that in this study Rh by itself is found to be more stimulative to new bone 
formation than HA. As Rh particles in gelatin were also measured to have signifi-
cantly more direct bone deposition than the Rh particles in saline, more spacing 
between the particles seems to be of great influence on the amount of ingrowth and 
deposition of bone. Furthermore, collagen or gelatin of different origin may have 
had a positive effect on new bone formation as often reported in literature (Kattha-
gen and Mittelmeier, 1986; Rueger et al., 1986; Blumenthal, 1987). However, 
before concluding that Rh is more osteoconductive than HA, it should still be 
recalled that in this study particles are compared that differ slightly in shape, which 
may also have influenced bone deposition. 
Complete closure of the extraction wounds to prevent particle loss is not effective 
enough. Additional measures should be taken to improve particle retention. 
The purpose of filling tooth sockets is to preserve alveolar bone or alveolar ridges 
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volume. When during in vivo applications Rh is commonly found to transform into 
a biological apatite, more familiar to host tissue, and thereby positively stimulates 
new bone deposition, Rh can be regarded as a promising material for future 
application as a tooth socket or other defect filling material. It therefore deserves 
more research. 
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CHAPTER 7 
GENERAL DISCUSSION AND CONCLUSIONS 
In the previous chapters experiments are presented in which materials are studied in 
in vivo situations. The ultimate objective of the studies was to find a biocompatible 
material(s) that as a tooth root substitute will succeed in prolonged preservation of 
the edentulous alveolar ridge. Porous PMMA did not fulfil this objective. Based on 
the established biocompatibility in the studies referred to in chapter 2, porous 
PMMA was taken into study because a long-term retention of porous PMMA root 
implants was expected to be accomplished by the ingrowth of alveolar bone into the 
implant pores and growth of bone over the implants. Before ingrowth and over-
growth of bone would have taken place, close adaptation of the mouldable PMMA 
to the socket walls was expected to enhance initial fixation during the healing 
period. Unfortunately, in the short term study 40% of the PMMA implants were 
lost within 9 weeks and 30% appeared to protrude from the socket crest. It was 
believed that initial fixation has been inadequate to prevent early upward migration. 
Even the preparation of retention grooves in the long-term study could not prevent 
protrusion of the PMMA implants from the socket crest, which hindered complete 
bony encapsulation. Moreover, the amount of bone grown into the PMMA pores 
was observed to reach a maximum at 9 weeks, but thereafter the ingrown bone 
withdrew again. Beside the lack of functional stimulation of bone maintenance, also 
the biotolerant property of PMMA, which means that PMMA remains seperated 
from the ingrown bone by a small layer of soft tissue, might have been of influence 
on this early withdrawal. Although initial fixation might be improved by other 
implantation techniques, the observed withdrawal of the ingrown bone, meant to 
provide long-term retention, made in situ curing porous PMMA unsuitable for use 
as a tooth root substituting material and was therefore abandoned for further study. 
As a result of the PMMA study and after studying meanwhile published reports on 
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tooth root implants, it was accepted that tooth root implants will not completely 
stop alveolar bone resorption. Sooner or later the root implants will become 
exposed and subsequently can be lost, which ends the preservation of the alveolar 
ridge volume. Therefore, the idea has been suggested to start the development of a 
partially and gradually resorbing solid root implant as outlined in chapter 1, that 
might withstand dehiscence. To develop such an implant a study was started to 
determine the in vivo resorption rates of four calcium phosphates together with the 
histological evaluation of the tissue interactions. The resorption rates appeared not 
to correspond with the in vitro solubility rates, which was hypothetically presumed. 
A great gap in the resorption rates between HA and Mg-W on the one side and Rh 
and ß-TCP on the other was found, while the differences in resorption rate between 
HA and Mg-W and between Rh and ß-TCP were much smaller. Evidence was 
found that resorption of Rh might be stopped when transformed into an apatite. 
This would probably make the resorption rate of Rh equal to that of HA. Conse-
quently, for the composition of a gradually resorbing root implant, only two groups 
of calcium phosphates with very diverging resorption rates were made available for 
use. Therefore, the four selected calcium phosphates cannot simply be used without 
adjusting the resorption rates of the four materials, for instance by increasing or 
decreasing the porosities or making compositions of the materials. Also the use of 
other bioresorbable materials has to be taken into consideration. As Rh has been 
showing two divergent reactions, one showing strong resorption and the other some 
initial resorption before transforming into an apatite, more basic knowledge about 
in vivo behaviour of Rh has to be obtained before using Rh as part of a resorbable 
root implant. 
As far as known, Rh has not been subjected to ('л vivo investigations before. If 
further investigation would show that Rh normally transforms into an apatite, more 
resembling bone mineral and as such behaves in in vivo situations, a very promi­
sing biomaterial has been found for filling empty tooth sockets and other bony 
defects. For this reason further measurements on other calcium phosphates to find 
suitable resorption rates, were postponed and in a follow-up study attention was 
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focused on Rh to learn its possible merits. As at that time studies on tooth root 
implants in particulate form produced better results than solid root cones, particula-
te Rh and particulate HA for comparison, were applied in empty tooth sockets. To 
obtain a good long-term fixation of the particles, encapsulation by trabecular bone 
was desired. To make sure that bone growth between the particles would not be 
hindered, sufficient space between the particles was pursued by mixing the particles 
with gelatin, which also had to facilitate handling of the material. 
The propensity of Rh to transform into an apatite containing Mg, Na and carbo-
nate was more extensively demonstrated in the particle study presented in chapter 
6. In the resorption measurement study and the accompanying tissue interaction 
study, 10 vol.% microporous Rh solid cylinders were used, while in the particle 
study 20 vol.% microporous Rh was applied. Although placed in different animals, 
resorption of Rh in particulate form was not observed, whereas many Rh cylinders 
showed extensive resorption. The question arose whether increase in porosity will 
make Rh yet more resorbable, even when it is transforming into an apatite. In the 
particle study it was hypothesized that Rh particles would transform sooner than the 
bigger solid Rh cylinders. Increase of microporosity exposes a larger surface and 
may accelerate transformation into a less or non-resorbable apatite. 
Definite conclusions on long-term in vivo stability of transformed Rh cannot be 
drawn. The longest in vivo period with Rh has hitherto been 6 months, too short a 
period for such conclusions. Varied porosities and dimensions of Rh implants, 
along with shorter and longer in vivo periods have to reveal on what conditions Rh 
is soonest transformed and whether this transformation is permanent. 
Another point of interest was the formation of new bone at places in the socket 
were particles were present. Healing of unfilled extraction sockets involves the 
formation of new trabecular bone inside the socket. However, quantifications of 
this newly formed bone have not been reported. Histological evaluation showed 
that in sockets that lost their particles completely, the amount of ingrown trabecular 
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bone was very limited up to 6 months. Also in the sockets where partial loss of 
implant material was observed, new bone formation was rather few at those places 
where no particles were present. In contrast, at places where particles were 
present, much more bone was found between the particles and was also deposited 
on the particles, especially on Rh particles that were often found to be completely 
incorporated within bone. Even the presence of just a few Rh particles gave rise to 
complete bony incorporation. Although no quantifications are made of bone 
formation between the particles, it is concluded from the histological observations 
that the presence of particles in the sockets promote new bone formation, especially 
when combined with gelatin that appeared to contribute to new bone formation. If 
by future investigations this conclusion can be generalized and also applies to man, 
the implantation of calcium phosphate particles in stabilized gelatin in empty tooth 
sockets proves to be a good means to maintain edentulous alveolar bone. Further-
more, when deposition of bone on Rh particles is generally found to be more than 
on HA particles, Rh particles are expected to be even more effective in maintaining 
alveolar bone than HA particles. 
In a long-term follow-up study the duration of Rh particle retention and the 
duration of newly formed trabecular bone has to be checked. Also the influence of 
gelatin on new bone formation has to be further assessed. 
In view of early particle fixation, it is wondered whether the larger extent of bone 
deposition on Rh particles than on HA particles has also been sooner accomplished. 
This would favour the use of Rh particles for clinical application. Future investiga-
tions using shorter experimental periods might give information on this point. 
By mixing the calcium phosphate particles with gelatin a pore system was created 
that resembled that of porous PMMA. A few comparisons can be made. 
- Contrary to the pores in PMMA the space between the Rh and HA particles 
remained filled with bone throughout the 6 month period. As both, porous PMMA 
and particles were placed in mandibular sockets of the same kind of animals, 
animal and implant site are considered not to be factors of influence on bone in-
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growth. Also bone resorption due to lack of forces that stimulate bone maintenance 
is the same for both situations. This leaves the difference in material as factor of 
influence. At the light microscopic level Rh and HA displaid a more bioinert 
attitude, which means that bone is directly contacting the particles, without a layer 
of soft tissue in between. In general, calcium phosphates are considered to be 
bioinert or bioactive materials. This property might have overruled the propensity 
of bone to withdraw again like has been observed with PMMA. Although longer 
experimental periods have to prove the durability of the newly formed bone 
between and deposited on the particles, this bioinert or bioactive property makes 
calcium phosphates a better choice to nil empty tooth sockets with than porous 
PMMA. 
- With particles in gelatin a good adaptation to the socket walls was also obtained. 
A difference with the mouldable PMMA was that the gelatin did not set. In spite of 
complete closure of the extraction wounds a few sockets lost their contents as well 
and histological evaluation showed some more particle loss. Although some particle 
loss at the initial stage seems to be a common finding, additional measures should 
be taken. A resorbable dressing directly over the socket crest after insertion of the 
implant material and before complete closure of the extraction wound might impro-
ve particle retention. Also a resorbable, more solid substance than gelatin or saline 
to cement the particles might provide a better initial fixation and retention. 
From the investigations as presented in this thesis the following overall conclusions 
can be summarized: 
in situ curing mouldable porous PMMA has not been found to be suitable to 
function as a tooth root implant material that will provide a long-term 
preservation of the edentulous alveolar ridge; 
in vitro solubility rates of calcium phosphates do not correspond with in vivo 
resorption rates; consequently, the in vitro solubilities of calcium phosphates 
cannot serve as guidance for in vivo resorption rates of calcium phosphates 
to be used as part of a gradually resorbing tooth root implant; 
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Rh is found to transform into an apatite containing carbonate, sodium and 
magnesium; 
Rh and HA particles mixed with stabilized gelatin and applied in empty 
tooth sockets, are more osteoconductive than porous PMMA; 
presence of Rh and HA particles in empty tooth sockets are found to 
stimulate bone formation between the particles; 
particulate Rh implanted in tooth sockets is found to have more direct bone 
deposition than particulate HA. 
If the conclusions on Rh also apply to in man situations, a very promising new 
biomaterial for alveolar bone maintenance or bone formation in bony defects has 
been found by the investigations presented. Up till now no in vivo research data on 
Rh are known from other studies. Therefore, future in vivo studies of Rh should 
be encouraged to collect more data on transformation, transformational conditions, 
time of transformation versus implant shape and porosity and on long-term stability 
and stability of the newly formed bone. 
The objective of the entire study was to fìnd a biocompatible material for long-term 
alveolar ridge preservation. Beside obtaining more basic knowledge about the 
investigated materials, the major benefit of the entire study was the discovery of Rh 
as a relatively new calcium phosphate biomaterial that might fulfil the objective of 
the study. In the investigations presented, it showed excellent properties for appli-
cation at places where new bone formation is desired. Rh therefore deserves further 
study. 
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SUMMARY 
In this thesis some biomaterials are investigated on their suitability to serve as tooth 
root substituting materials in empty tooth sockets in order to preserve the volume 
of edentulous alvolar bone that has to support complete dentures. 
The general introduction in chapter 1 starts with a short description of the resorp-
tion of alveolar bone after the loss of natural teeth and the related denture pro-
blems. With time the volume of the edentulous alveolar bone will decrease. The 
denture bearing area will shrink to a lower level, thereby enhancing denture 
problems. Surgical techniques are able to enlarge again the severely resorbed 
alveolar bone, however, better denture retention and stability is achieved by the 
application of permucosal implants. At the time the natural teeth are to be remo-
ved, the volume of the alveolar bone can be preserved by leaving roots of the 
natural teeth in place. Also the preservation of alveolar bone volume is pursued by 
the implantation of biocompatible synthetic material in the empty tooth sockets. 
Three clinical procedures for bone preservation are shortly discussed, followed by 
a review of the main literature on the so-called tooth root implants. In this review 
the results of tooth root implant retention are diverging and seem to depend on kind 
of implant and implant fit, implantation technique and socket anatomy. Particulate 
tooth root substituting material seems to be better retained. As long as tooth root 
implants are retained, they may contribute to preservation of the alveolar ridge 
volume. 
The ultimate objective of the studies in this thesis is to find a biocompatible 
material(s) that as a tooth root substitute will succeed in prolonged preservation of 
the edentulous alveolar ridge. Mouldable implant materials like the porous polyme-
thylmethacrylate (PMMA) cement studied in chapter 2, will provide a better initial 
fit. Because of some less favourable aspects of porous PMMA, further study using 
this material has been abandoned and new research has been focused on resorption 
behaviour of four calcium phosphates to be used as part of a partially resorbable 
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tooth root substituting implant. 
In chapter 2 the suitability of mouldable porous PMMA as a tooth root substituting 
material is studied. After injection into empty tooth sockets, a close fit to the 
socket walls will be achieved. A quick fixation by the ingrowth of surrounding 
tissue into the implant pores is thus promoted. In a short-term study 40% of the 
implants are lost, whereas 30% of the remaining implants protrude above the 
socket crest which hinders overgrowth of bone. In a long-term study additional 
measures are taken to provide better initial fixation and the extraction wounds are 
completely closed. No implants are lost, but 58% appear to have the upper surface 
level with or protruding above the socket crest. The amount of bone growing into 
the implant pores has reached a maximum after 9 weeks, after that time it gradual­
ly withdraws again. After 54 weeks hardly any ingrown bone is observed. 
Because of these less favourable results with respect to implant retention, bone 
ingrowth and bone overgrowth, further investigation of porous PMMA is abando­
ned. As tooth root implants will not stop alveolar bone resorption, it is expected 
that ultimately these implants will become exposed and consequently lost. Exposure 
may be prevented by the application of a partially resorbable tooth root implant that 
in time resorbs at the same rate and in the same direction as the edentulous alveolar 
bone. The in time remaining part of the resorbing implant is expected to preserve 
the width of the alveolar bone and to remain covered by bone. Such an implant is 
thought to be composed of calcium phosphates because of the good biocompatible 
properties of calcium phosphates. For this purpose four calcium phosphates are 
investigated in vivo on interactions with the surrounding tissues and the resorption 
rates. In sequence of progressive solubility in vitro these calcium phosphates are: 
magnesium-whitlockite (Mg-W), hydroxylapatite (HA), β-tricalcium phosphate (ß-
TCP) and rhenanite (Rh). Hypothetically it is expected that this sequence corres-
ponds with in vivo resorbability. 
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Chapter 3 provides closer details about the calcium phosphates, the implantation 
technique and the preparation of histological sections after 6 and 12 weeks. 
Histologically Mg-W is more resorbed than HA. Contact with ongrown bone is 
most frequently observed with HA. Rh shows two divergent reactions. Most Rh 
implants, more than B-TCP implants, are completely surrounded by a soft tissue 
peri-implant and are strongly resorbed. Two Rh and two ß-TCP implants, all four 
meant for resorption measurements but inseparable from surrounding tissues, 
appear to form an intimate contact with bone. These implants are subjected to 
closer investigations that are described in chapter 5. 
Chapter 4 provides the resorption measurements of the calcium-phosphates. At both 
ends of calcium phosphate cylinders profile measurements are taken before and 
after implantation. The hypothesis that the sequence of progressive in vitro 
solubility will also correspond with the in vivo resorbabilities, is not confirmed. In 
accordance with the histological results Mg-W is more resorbed than HA. In 
contrast to the histological result Rh is less resorbed than ß-TCP. The application 
of millipore cellfilters appears to reduce calcium phosphate resorption, indicating 
that the presence and activity of cells is an important factor in calcium phosphate 
resorption. 
In chapter S the two Rh and two B-TCP implants from chapter 3 showing intimate 
contact with bone, are subjected to electronprobe X-ray microanalysis, X-ray 
diffraction and infrared spectroscopy. Rh appears to have transformed into an 
apatite within 6 weeks. Its chemical composition changes by losing sodium and 
uptake of carbonate. The Ca/P ratio increases considerably. ß-TCP maintains its 
crystal structure. By this investigation Rh and ß-TCP are both considered to be 
osteoinductive materials. 
As data on Rh as a biomaterial are hardly known and the results about Rh in 
chapter 5 are promising, it is decided to study this material more closely. 
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In chapter 6 the histological reactions to Rh are compared with those to HA. In an 
animal experiment particles of both materials are mixed with gelatin or saline and 
implanted in fresh extraction sockets. Contrary to empty places in a number of 
sockets where some particle loss is observed, the presence of particles appears to 
promote bonegrowth between the particles. Histologically and histomorphometrical-
ly, more bone deposition is observed on Rh particles than on HA particles. Also 
bone deposition on particles mixed with gelatin is more than on particles mixed 
with saline. This may be ascribed to the larger space between the particles in 
gelatin and to the gelatin itself. Resorption of the Rh and the HA particles is not 
observed. Significant differences in surface area of the particles before and after 
implantation are not found. The application of several techniques cannot detect 
calcium phosphate inside excised lymph nodes. Electron probe X-ray microanalysis 
demonstrates again that the composition of Rh has changed. The Ca/P ratio 
increases. Beside loss of sodium, uptake of a small amount of magnesium is 
observed. Infrared spectroanalysis demonstrates the presence of carbonate and X-
ray diffraction shows the transformation into an apatite. From the results in this 
investigation Rh is considered to be a promising material for the purpose of filling 
empty tooth socket or bony defects. 
Chapter 7 encloses the general discussion and conclusions. The objective of the 
studies in this thesis is to find a biocompatible material(s) that as a tooth root 
substitute will succeed in prolonged preservation of the edentulous alveolar ridge. It 
is discussed why porous PMMA is considered to be unsuitable to fulfil this 
objective and the possibility of a gradually resorbing implant is studied. As the in 
vivo resorbabilities of the investigated calcium phosphates are too divergent and Rh 
possibly transforms into an unresorbable apatite, the investigated calcium phospha-
tes cannot simply be used. Transformation into an apatite showing correspondence 
with the mineral phase of bone and the larger amount of bone deposition on Rh 
particles than on HA particles, makes Rh a promising material that possibly is able 
to fulfil the objective of this study. Follow-up investigations are therefore recom-
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mended and suggestions are made. By creating space between the particles in 
chapter 6 a pore system arises which allows for comparison with the porous 
PMMA. Finally the following conclusions from the entire study are presented. 
In situ curing mouldable porous PMMA is not found to be suitable to 
function as a tooth root implant material that provides a long-term volume 
preservation of the edentulous alveolar ridge. 
In vitro solubility rates of the calcium phosphates do not correspond with in 
vivo resorption rates; consequently, the in vitro solubilities of calcium 
phosphates cannot serve as guidance for in vivo resorption rates of calcium 
phosphates. 
Rh in this study is found to transform into an apatite containing carbonate, 
sodium and magnesium. 
Rh and HA particles mixed with stabilized gelatin and applied in empty 
tooth sockets, are more osteoconductive than PMMA. 
Presence of Rh and HA particles in empty tooth sockets are found to 
stimulate bone formation between the particles. 
Rh in particulate form and implanted in empty tooth sockets is found to 
have more bone deposition than particulate HA. 
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SAMENVATTING 
[η dit proefschrift wordt de bruikbaarheid onderzocht van enkele biomaterialen, die 
zouden kunnen dienen als tandwortelvervangend materiaal in lege tandalveolen ( = 
tandkassen). Het doel hiervan is het volume te behouden van het tandeloze kaakbot, 
dat moet dienen als draagvlak voor een gebitsprothese. 
Hoofdstuk 1, een algemene inleiding, begint met een korte beschrijving van het 
resorptieproces (slinken) dat het kaakbot ondergaat na het verlies van de natuurlijke 
gebitselementen en de gevolgen die dit heeft voor het dragen van een gebitsprothe­
se. Met de tijd neemt het volume van het tandeloze kaakbot af. Het draagvlak voor 
de gebitsprothese wordt kleiner en lager, waardoor het dragen van een gebitspro­
these wordt bemoeilijkt. Met chirurgische technieken kan het geslonken kaakbot 
weer worden vergroot en verhoogd, echter, een beter houvast en stabiliteit voor de 
prothese wordt verkregen door toepassing van permucosale implantaten. Door op 
het moment dat de natuurlijke gebitselementen worden verwijderd, enkele tandwor-
tels in de tandalveolen achter te laten, of de lege tandalveolen te vullen met 
biocompatibel synthetisch materiaal, de zogenaamde tandwortelimplantaten, wordt 
er naar gestreefd preventief het volume van het tandeloos geworden kaakbot te 
behouden. Drie voor dit doel ontwikkelde behandelmethoden worden kort bespro­
ken, gevolgd door een literatuuroverzicht van de belangrijkste publikaties op het 
gebied van de zogenoemde tandwortelimplantaten. In dit overzicht blijken de 
resultaten met betrekking tot het behoud van vaste tandwortelimplantaten uiteen te 
lopen en afhankelijk te zijn van soort en pasvorm alsmede de wijze van implanteren 
en de anatomie van de tandalveole. Tandwortelvervangend materiaal in korrelvorm 
blijkt beter te worden behouden. Zolang ze behouden blijven, kunnen tandwortel­
implantaten bijdragen tot het volumebehoud van het tandeloze kaakbot. 
Het einddoel van het gehele onderzoek is het vinden van een biocompatibel 
materiaal dat in staat is gedurende lange tijd het volume van het tandeloze kaakbot 
te behouden. Besproken wordt het voordeel van het gebruik van kneedbaar implan-
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taatmateriaal, dat een betere initiële pasvorm geeft. Het poreuze polymethylmetha-
crylaat cement (PMMA) is hiervan een voorbeeld en wordt in hoofdstuk 2 op 
bruikbaarheid onderzocht. Aangegeven wordt waarom dit materiaal voor verder 
onderzoek is verlaten en nieuw onderzoek zich richt op het resorptiegedrag van 
vier calciumfosfaten met als doel deze te gebruiken als onderdeel van een gedeelte-
lijk resorbeerbaar tandwortelvervangend implantaat. 
Hoofdstuk 2 beschrijft het onderzoek naar de bruikbaarheid van poreus PMMA. 
Door het in kneedbare vorm te injecteren in lege tandalveolen, waar het ter plaatse 
uithardt, wordt een goede pasvorm verkregen. Een snelle verankering door 
ingroeiend weefsel uit de omgeving wordt hierdoor bevorderd. In een kortdurend 
onderzoek gaat 40% van de implantaten verloren, terwijl 30% van de overgebleven 
implantaten boven de alveolerand uitsteekt. Dit belemmert overgroei van bot. In 
een langer durend onderzoek waarin maatregelen worden genomen voor betere 
initiële retentie (houvast) en de extractiewonden volledig worden gesloten, blijven 
de implantaten weliswaar behouden, maar blijkt 58% met de bovenzijde gelijk of 
boven de alveolerand te liggen. De hoeveelheid bot die de poriën ingroeit, blijkt na 
9 weken maximaal te zijn en zich daarna geleidelijk terug te trekken. Na 54 weken 
wordt nauwelijks nog botingroei gezien. 
Vanwege de minder gunstige resultaten met betrekking tot behoud, botingroei en 
botovergroei, wordt verder onderzoek naar de bruikbaarheid van poreus PMMA als 
tandwortelvervangend materiaal gestaakt. Omdat tandwortelimplantaten de kaakbot-
resorptie niet zullen stoppen, wordt verwacht dat ze uiteindelijk door het bedekken-
de mondslijmvlies heen zullen breken en dan verloren gaan. Om dit te voorkomen 
wordt gedacht aan de toepassing van een gedeeltelijk resorbeerbaar tandwortelver-
vangend implantaat, dat weliswaar in gelijke mate en gelijke richting als het 
tandeloze kaakbot meeresorbeert, maar door zijn aanwezigheid toch in staat is de 
breedte van de tandeloze kaakwal in stand te houden en daarbij steeds bedekt blijft 
met bot. Een dergelijk implantaat zal vanwege de goede biocompatibele eigen-
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schappen worden opgebouwd uit calciumfosfaten. Voor dit doel worden vier 
calciumfosfaten in vivo onderzocht op reacties van omringend weefsel en de mate 
van resorbeerbaarheid. In volgorde van toenemende oplosbaarheid in vitro zijn dit: 
magnesium-whitlockiet (Mg-W), hydroxylapatiet (HA), ß-tricalciumfosfaat (ß-TCP) 
en rhenaniet (Rh). Hypothetisch wordt verwacht dat deze volgorde ook geldt voor 
de mate van resorbeerbaarheid in vivo. 
Hoofdstuk 3 verschaft nadere gegevens over de calciumfosfaten en de wijze waarop 
deze worden geïmplanteerd en na perioden van 6 en 12 weken voor histologisch 
onderzoek worden verwerkt. Histologisch blijkt dat Mg-W meer wordt geresor-
beerd dan HA. HA laat als enig materiaal veelvuldig kontakt met bot zien. Rh 
vertoont twee uiteenlopende reacties. De meeste Rh implantaten, meer nog dan de 
ß-TCP implantaten, worden volledig omringd met zacht weefsel en sterk afgebro-
ken. Twee Rh implantaten en twee ß-TCP implantaten, alle vier bedoeld voor 
resorptiemetingen, maar niet te scheiden van omringend weefsel, blijken een nauw 
kontakt met bot te bezitten. Deze implantaten worden aan een nader onderzoek 
onderwerpen hetgeen beschreven wordt in hoofdstuk 5. 
In hoofdstuk 4 wordt de in vivo resorptie van de calciumfosfaten gemeten. Voor het 
implanteren en na perioden van 6 en 12 weken worden aan de uiteinden van 
calciumfosfaat cylindertjes profielmetingen gedaan en met elkaar vergeleken. De 
hypothese dat de verschillen in oplosbaarheid in vitro ook zouden gelden voor de 
resorbeerbaarheid in vivo, kan niet worden bevestigd. Mg-W blijkt overeenkomstig 
het histologische beeld sterker te worden geresorbeerd dan HA. In tegenstelling tot 
het histologische beeld blijkt Rh minder te worden geresorbeerd dan ß-TCP. Het 
belang van de aanwezigheid van cellen voor de resorptie van de calciumfosfaten 
wordt aangetoond door met een celfilter het kontakt tussen cellen en calciumfosfa-
ten te verhinderen. De resorptie wordt daardoor sterk verlaagd. 
In hoofdstuk 5 worden de Rh en ß-TCP implantaten uit hoofdstuk 3, die bij het 
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histologisch onderzoek een nauw kontakt met bot vertoonden, nader onderworpen 
aan röntgenmicroanalyse, röntgendiffractie en inrraroodspectmm-analyse. De 
kristalstructuur van Rh blijkt binnen 6 weken te veranderen in een apatietstructuur. 
De chemische samenstelling verandert door verlies van natrium en opname van 
carbonaat, terwijl de calcium/fosfor verhouding aanzienlijk wordt verhoogd. De ß-
TCP implantaten behouden de oorspronkelijke kristalstruktuur. Rh en ß-TCP 
worden in dit onderzoek beschouwd als een osteoconductieve materialen. 
Omdat Rh als biomateriaal nog nauwelijks bekend is en de bevindingen in hoofd-
stuk 5 veelbelovend zijn, wordt besloten dit materiaal nader te onderzoeken. 
In hoofdstuk 6 worden histologisch de weefselreacties op Rh vergeleken met die op 
het meer bekende HA. In een dierexperiment worden beide materialen voor drie en 
zes maanden in korrelvorm en gemengd met gelatine of fysiologisch zout aange-
bracht in lege tandalveolen. In tegenstelling tot de afwezigheid van korrels op 
sommige plaatsen in een aantal alveolen, blijkt de aanwezigheid van korrels de 
groei van bot tussen de korrels te bevorderen. Histologisch en histomorfometrisch 
vertonen de Rh korrels meer botaangroei dan de HA korrels. Ook wordt op korrels 
gemengd met gelatine meer bot afgezet dan op korrels gemengd met fysiologisch 
zout. Dit kan worden toegeschreven aan de grotere ruimte tussen de korrels in 
gelatine en aan de gelatine zelf. Resorptie van de Rh of de HA korrels is niet aan-
toonbaar. Significante verschillen in oppervlak van de korrels voor en na implanta-
tie worden niet gevonden. Ook kunnen met diverse technieken in geexcideerde 
lymfeklieren geen calciumfosfaten worden aangetoond. De röntgen-microanalyse 
toont weer aan dat Rh tijdens implantatie van samenstelling verandert. De calci-
um/fosfor verhouding is weer hoger dan oorspronkelijk. Naast verlaging van het 
natrium-gehalte is er een opname van magnesium. De infraroodspectrum-analyse 
toont de aanwezigheid van carbonaat aan, terwijl röntgendiffractie weer een 
transformatie in een apatietstructuur laat zien. Aan de hand van de resultaten van 
dit onderzoek wordt Rh beschouwd als een veelbelovend materiaal voor de 
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opvulling van lege tandalveolen of botdefecten. 
Hoofdstuk 7 omvat de algemene discussie en conclusies. De doelstelling van het 
gehele onderzoek is een biocompatibel materiaal te vinden dat als tandwortelver-
vangend implantaat in staat is het volume van het tandeloze kaakbot langdurig te 
behouden. Besproken wordt waarom poreus PMMA cement hiertoe niet in staat 
wordt geacht en de mogelijkheid van een geleidelijk resorbeerbaar implantaat uit 
calciumfosfaten wordt onderzocht. Na onderzoek blijkt dat de calciumfosfaten 
hiervoor niet zonder meer kunnen worden gebruikt omdat de verschillen in 
resorbeerbaarheid te ver uiteen liggen en Rh mogelijk transformeert in een niet 
resorbeerbaar apatiet. In voortgezet onderzoek blijkt Rh inderdaad te transformeren 
in een apatiet dat overeenkomsten vertoont met de minerale fase van bot en meer 
botaangroei te zien geeft dan HA. Rh wordt daarom gezien als een materiaal dat 
mogelijk wel aan de doelstelling van het onderzoek kan voldoen. Vervolgonderzoek 
naar de gedragingen van Rh in vivo wordt aanbevolen en voorstellen daartoe 
worden gedaan. Door het creëren van ruimte tussen de korrels ontstaat als het ware 
een poreus systeem dat vergelijking mogelijk maakt met poreus PMMA. Tot slot 
worden aan de hand van de resultaten van het gehele onderzoek, de navolgende 
eindconclusies gegeven. 
Poreus PMMA cement wordt niet geschikt geacht om als tandwortelvervang-
end materiaal het volume van het edentate kaakbot langdurig te behouden. 
De oplosbaarheden van de calciumfosfaten in vitro komen niet overeen met 
de resorbeerbaarheden in vivo; derhalve kunnen deze oplosbaarheden niet 
dienen als maatstaf voor de selectie van calciumfosfaten met een bepaalde 
mate van resorbeerbaarheid in vivo. 
Rh in dit onderzoek transformeert in een apatiet dat carbonaat, natrium en 
magnesium bevat. 
Korrels Rh en HA gemengd met gestabiliseerde gelatine en aangebracht in 
lege tandalveolen, zijn meer botgeleidend dan poreus PMMA. 
De aanwezigheid van Rh en HA korrels in lege tandalveolen bevordert de 
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botvorming tussen de korrels. 
Rh in korrelvorm en geïmplanteerd in lege alveolen toont meer botaangroei 
dan HA in korrelvorm. 
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prof. dr. W. Kalk), en na de hereniging in 1989 met de afdeling Occlusie-opbouw, 
binnen de dan ontstane vakgroep Orale Functieleer (hoofd: prof. dr. A.F. Käyser), 
onderafdeling Volledige Prothese en Maxillo-Faciale Prothetiek (hoofd: prof. dr. 
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STELLINGEN 
behorende bij het proefschrift 
MATERIALS FOR TOOTH ROOT SUBSTITUTION 
Poreus polymethylmethacrylaat cement zoals gebruikt in dit onderzoek, is 
niet geschikt als tandwortelvervangend materiaal. 
Dit proefschrift 
Om door bot overgroeid te kunnen worden is het noodzakelijk dat tandwor-
telvervangende implantaten onder het niveau van de benige alveolerand 
blijven. 
De oplosbaarheden van calciumfosfaten in vitro vormen geen maatstaf voor 
de resorptiegedragingen van deze calciumfosfaten in vivo. 
Dit proefschrift 
Rhenaniet is ook in het lichaam groeibevorderend. 
Dit proefschrift 
Om calciumfosfaten in lymfeklieren aan te tonen, kan niet worden volstaan 
met alleen een morfologisch beeld in de microscoop. 
Dit proefschrift 
De uitspraak dat de minerale fase van bot uit hydroxylapatiet bestaat is 
onvoldoende genuanceerd. 
Onderzoek naar het behoud van tandeloos kaakbot door het implanteren van 
synthetisch materiaal in de lege tandalveolen direct na de extractie van de 
natuurlijke elementen dient gecontinueerd te worden. 
Standaardisatie van de weergave van literatuurlijsten en de verwijzingen 
ernaar in de tekst vergemakkelijkt het schrijven van wetenschappelijke 
publicaties. 
Het is niet gewenst dat tandwortelimplantaten in Zeeuwen zich mede 
conformeren aan de Zeeuwse wapenspreuk. 
Tandwortelimplantaten bestaan eigenlijk niet. 
Om prikaccidenten te voorkomen dient de overhemdenindustrie zich bij de 
verpakking van overhemden te onthouden van het gebruik van spelden. 
Nijmegen, 16 juni 1993 
M.M.A. Ramselaar 


